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Biosystematics of the First-Stage 
Larvae of Some North American 

Bruchidae (Coleóptera) 
By GARY S. PFAFFENBERGER,» instructor, and CLARENCE D. JOHNSON, associate professor. Department of Biological 

Sciences, Northern Arizona University, Flagstaff, Ariz. 

ABSTRACT 

We studied first-stage bruchid larvae be- 
longing to nine genera, three subfamilies, and 
the following 20 species: Acanthoscelides au- 
reolus, A. baboquivari, A, chiricahuae, A, col- 
lusuSyA, macrophthalmus, A, mixtus,A, obtec- 
tus, A, prosopoides, Algarobius prosopis, 
Amblycerus acapulcensis, Caryobruchus 
gleditsiae, Mimosestes amicus, M, protractus, 
M, sallaei, Neltumius arizonensis, Sennius 
morosus, Stator limbatus, S. pruininus, S, 
pygidialis, ^nà Zabrotes subfasciatus. Repre- 
sentatives of each species were examined, and 
the prothoracic plate, spiracles, legs, and 
chaetotaxy were figured. Each species was de- 
scribed, and keyed; and their relationships, 
biology, and larval behavior were discussed. 

The use of characters of larval insects in 
formulating classifications was discussed. We 
found that the initial larval forms to be de- 
scribed were those of economic significance or 
those that displayed unusual morphological 
characters. In some cases, larval characters 
provide a means of delineating adult taxa that 
were known to be different but could not be 
separated easily using adult characters. 

The following characters were used: Pres- 
ence, absence, lengths, number of segments, 
and complexity of development of the legs; 
type of tarsus; relative lengths, presence, ab- 
sence, and distribution of setae; degree of de- 
velopment of prothoracic plate; presence or 

1 Current address: Eastern New Mexico University, 
Roswell, N. Mex. 88201. 

absence of median or anterior arms, or 
both, on the prothoracic plate; number of pairs 
of setae associated with the prothoracic plate; 
and larval behavior of wandering following 
eclosión, or penetrating the pod or seed direct- 
ly upon hatching. 

The larval and adult classifications were 
then compared. Caryobruchus gleditsiae was 
sufficiently unhke the other species to verify 
that it should remain as a member of a distinct 
subfamily (Pachymerinae). There is evidence 
based on larval morphology, that the genera 
Zabrotes and Spermophagus are only distantly 
related to the other genus in the subfamily 
Amblycerinae, Amblycerus, Classification of 
the subfamily Bruchinae shows some incon- 
gruence but not as much as the Amblycerinae. 

Of those genera within the subfamily 
Bruchinae, adults and larvae of the genus 
Mimosestes show the greatest incongruency 
between classifications. According to the lar- 
val classification, Af. protractus should be 
placed in a separate genus. There is some dis- 
agreement in the genu^ Acanthoscelides, since 
A. macrophthalmus and A. chiricahuae ap- 
peared to be more closely related to members 
of other genera. Consequently, they were 
placed in separate but neighboring polyphy- 
letic assemblages. Aside from these discrepan- 
cies, considerable congruence exists among 
the adults and larvae of the remaining species, 
with the greatest congruence in the genus 
Stator, 

The results of the Principal Component 
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Analysis supported, to a large extent, an intui- 
tive larval arrangement. The genus Zabrotes 
was placed closer to the genus Stator than to 
Mimosestes protractus, which differs from our 
phylogenetic groupings. Acanthoscelides mac- 
rophthalmus and A. chiricahuae appeared to 
be closely related and were grouped near the 
more advanced Sennius morosus. This ar- 
rangement coincided with the intuitive larval 
classification but differed from that of the 
adults. The remaining species showed little or 
no disagreement between either larval ar- 
rangement. 

The function of the V-shaped neck fold and 
retractable head capsule, general body shape, 
tenth abdominal segment, anal aperture, and 
the long setae were discussed for the first 
time. The function of the V-shaped neck fold 
and retractable head capsule is to extend and 
increase the operational angle of the mouth- 
parts during eclosión, pod or seed entry, and 
burrowing. The general body shape, when the 
broad thoracic and anterior abdominal seg- 
ments are expanded by movement of 
haemolymph, aids in gaining purchase (lever- 
age) necessary to overcome the backward 
thrust of the gnawing mouthparts. The tenth 
abdominal segment aids in locomotion by act- 
ing as a sucker disk, which becomes attached 
to the substrate, thus allowing the anterior 
end of the body to move freely about. Upon 
attachment to the substrate, it may also pro- 
vide valuable purchase for the body when the 
larva is burrowing. The anal aperture, which 

appears to be tripartite in species of the more 
primitive subfamilies, thus was likely as- 
sociated with the primitive habit of wandering 
in search of a suitable host. It probably has 
been retained because of the apparent ease 
with which a Y-shaped lobe might be inverted 
when compared to an everted transverse lobe. 
Long setae appear to be largely tactile in func- 
tion, whereas, the shorter, more stout setae 
appear more useful in gaining added pur- 
chase. The long, coiled setae between the ap- 
pendages of most species appear to aid in dis- 
engagement of the distal end of the planted 
tarsi in preparation for forward movement. 
Long, coiled setae are wanting in those species 
in which appendages are absent. 

Additional functions were determined for 
the (1) prothoracic plate (median arms); it ap- 
pears that the teeth on the median arms be- 
come engaged first (before the teeth of the 
posterior arms), thus enabling the larva to 
gain purchase during the critical time of eclo- 
sión and pod or seed entry. (2) The spine on the 
first abdominal segment, in addition to 
stabihzing the body while the mandibles are 
working, appears to aid in rotation of the body 
within the egg and prior to eclosión. (3) Legs, in 
most cases, possess a flattened or rounded tar- 
sus that terminates in an anteriorly directed 
lip. Within the egg or burrow, the lip is directed 
downward, thus providing additional resist- 
ance to the backward thrust of the body re- 
sulting from the activities of the mandibles. 

INTRODUCTION 

Most published works on larvae describe 
either economically important forms (Crouzel 
and others, 1968)^ or forms possessing what 
appear to be highly specialized traits 
(Clausen, 19^0; Maulik, 1931), These and 
other works of their time are primarily con- 
cerned with the functional significance rather 
than taxonomic significance of the novel 
characters of larvae. It was not until the 
pioneering works of Boving (1929), followed 
shortly by Boving and Craighead (1930) and 

2The year in italic, when it follows the author's name, 
refers to the Literature Cited, p. 43. 

others (Paterson, 1931; Roberts, 1930; van 
Emden, 19^2), that larval taxonomy finally 
began to receive attention. From the time of 
Linnaeus, phylogenies have been recon- 
structed on the basis of a posteriori evaluation 
of adult characters of insects; however, a 
noticeable trend is developing in which larval 
characters are receiving recognition in the in- 
terpretation of higher and lower taxa among 
insectan (Boving, 1929; Evans, 1961,.; Rozen, 
196i), as well as noninsectan groups (Orton, 
1957). 

On the basis of larval characters, Roberts 
(1939)  suggested  that  the  beetle  family 
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Erotylidae should not be split, as had previ- 
ously been suggested, on the basis of adult 
characters. Commenting on Leng's "Cata- 
logue of Coleóptera of America North of 
Mexico," Boving (1929) stated that genera, 
subfamilies, and even families would probably 
be rearranged after a thorough study of the 
larval forms. However, others at that time did 
not share his views. Crampton {1930), in com- 
paring adult and larval morphologies of dipter- 
ans, suggested that larval characters were of 
little or no value because of the tremendous 
genetic and phenotypic plasticity possessed by 
the larval forms. Consequently, they express 
excessive '^sideways developments^^ and 
exhibit too much mosaicism to be of value. 

Although considerable congruency existed 
between larval and adult forms studied by 
Crampton, some of the larval forms were quite 
different and could not be classified as were 
the adults. He did state, however, that in de- 
veloping a valid classification, characters of 
all stages should be considered—that is, larva, 
pupa, and adult—before reaching a final deci- 
sion, but that where discrepancies exist, the 
adults should always be used in making a final 
decision, an opinion also shared by Maulik 
(1931). These comments were, of course, par- 
tially inconsistent with those expressed by 
Boving and Craighead (1930) in their discus- 
sion of the natural systematic grouping of the 
Coleóptera. They felt that a descriptive work 
was impossible without an understanding of 
the nature of characters throughout the or- 
der. 

Rees (19^1), in his work on the first instar of 
Buprestis rusticorum (KBY.), concluded on 
the basis of certain morphological characters 
that a new family should be recognized; 
whereas, Anderson (19Í7) argued that the 
genus Cimberis should be transferred to the 
family Anthribidae rather than remain in the 
family Curculionidae. Sanderson (19^8) used 
larval host plants to provide evidence for 
speciation; whereas, MacSwain (1956) added 
behavior and ecology to delineate first instars 
of Meloidae. 

Gordon (1955), followed shortly thereafter 
by the excellent review article of van Emden 
(1957), was the first to discuss thoroughly the 
significance of larval characters in the deriva- 

tion of taxa. Van Emden discussed the theoret- 
ical and practical implications of subimaginai 
versus imaginai traits, and both authors con- 
cluded that larval characters tend to be of 
equal significance to those of the adults in the 
taxonomy of insects. Beal(iP70) and Edmunds 
and Allen (1966) both concluded that adult and 
larval stages should have equal status. 

Because little work has been done on larval 
Bruchidae and because there is considerable 
current activity on the classification of adult 
bruchids, we chose to work on this family of 
beetles. The Bruchidae are beetles whose 
adults, when they feed, feed primarily on the 
pollen and nectar of plants (Zacher, 1951). Ac- 
cording to Center and Johnson (197i), a broad 
range of host plants is attacked by the larvae 
of these seed beetles, primarily the family 
Leguminosae, but also some 30 other families. 

A generalized life cycle of bruchids usually 
proceeds as follows: Adult bruchids lay eggs on 
the surface of pods or seeds. After a period of 
embryonic development, usually 5 to 10 days, 
the first instar emerges through the broad an- 
terior end of the egg or directly through the 
venter of the egg into the seed or pod, using the 
egg chorion for leverage. If the larva exits 
through the anterior end of the egg, it may 
wander about seeking a suitable site for entry. 
After entering a seed, the larva feeds, molts 
several times, and eventually pupates, usually 
inside a single seed. The adult then emerges 
through a round exit hole. 

A species of the Bruchidae may infest one 
plant species or the seeds of plants from sev- 
eral genera. In many species, only a single 
bruchid develops in each seed, however, in 
other species many larvae may be found in a 
single seed or a single larva may consume the 
cotyledons of several seeds (Center and 
Johnson, 1973; Howe and Currie, 196^; 
Johnson, 1967; Riley, 1891,1892). 

Because some species of the Bruchidae com- 
pete directly with man for his beans, peas, and 
other valuable legumes, they are considered 
economic pests. Consequently, the work that 
has been completed on bruchid larvae has 
been concerned primarily with the biology and 
control of economically important species 
(Bor\ásiY,1921 ; Brindley, 1933; Campbell, iP^O; 
Chittenden,i^P^; Howe and Currie, iP^i; Lar- 
son and Fisher, 1938 ; Lepesme, 19U2 ; de Luca, 
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1956\ Marcovitch, 193Jlf\ Paddock, 1919\ 
Parnell, 1966 \ Peake, 1952', Pierce, 1930 \ Ran- 
dolph and Gillespie, 1958 \ Riley, 1891, 1892 \ 
Slingerland, 1893 \ Smith and Michelbacher, 
19JiU\ Steffan, 19Jí5\ Zacher, 1930), 

The morphology (Böving, 1927; Eichelbaum, 
1915 \ Germar, 1818; de Luca, 1968 \ Parnell, 
196i\ Patton, 1895\ Pfaffenberger, 197Jí\ Pre- 
vett, 1967, 1968, 1971; Steffan, 19^6; Teran, 
1962, 1967), and, in certain instances, func- 
tional morphology (Kunhikannan, 1923; 
Lepesme, 19^2; Mukerji, 1939; Zacher, 1930), 
have been reported for a limited number of 
economic as well as noneconomic species. 

Böving (1927) devised a species key to 
bruchid larvae but probably did not use first 
instars, judging from his measurements of the 
length of each species. He used characters re- 
lating to mouthparts, ocelli, and legs to derive 
his species classification. 

Of the 1,300 described Bruchid species 
worldwide (Johnson, 1970), only about 50 de- 
tailed larval descriptions are available. Of this 
total, 28 were described by Prevett (1971), Pre- 
vett derived his classification by using the fol- 
lowing characters of the first instar: Spiracles, 
chaetotaxy, shape of setae, legs, and shape of 
tarsus, in conjunction with characters of later 
instars. He was, however, unable to distin- 
guish between larvae at the species level. 

Because the mouthparts of the first instar 
are, in most cases (for example, fig. 23, Q and 
R^), too minute to be accurately observed 
(Prevett, 1971), we used characters relating to 
chaetotaxy, legs, tarsus, spiracles, anal aper- 
ture, behavior, and, in some instances, host 
plants to derive our system of classification. 

The purpose of this study is to derive a sys- 
tem of classification of the first instars of the 
following species: Acanthoscelides aureolus 
(Horn), A. baboquivari Johnson, A. 
chiricahuae (Fall), A. collusus (Fall), A. mac- 
rophthalmus (Schaeffer), A. mixtus (Horn), A. 
obtectus (Say), A. prosopoides (Schaeffer), Al- 
garobius prosopis (LeConte), Amblycerus 
acapulcensis Kingsolver, Caryobruchus 
gleditsiae (Linnaeus), Mimosestes amicus 
(Horn), M, protractus (Horn), M. sallaei 
(Sharp), Neltumius arizonensis (Schaeffer), 
Sennius morosus (Sharp), Stator limbatus 
(Horn), S. pruininus (Horn), S. pygidialis 
(Schaeffer), and Zabrotes subfasciatus (Bohe- 
man). Our larval classification is compared 
with the existing adult classification at the 
subfamily, generic, and species levels. We used 
traditional and numerical methods in our 
classification. Keys to the 20 species are pro- 
vided, and the systematics and functional 
morphology of the larvae are discussed. 

MATERIALS AND METHODS 

Because of the difficulty encountered in as- 
sociating larval bruchids with their adults, 
certain techniques were used to ensure the 
gathering of accurate data. To ensure accurate 
identification of each species, seeds or pods 
were taken from jars containing a single 
species of bruchid, and their eggs were re- 
moved and placed in screwcap vials, which 
were allowed to stand at room temperatures. 
Each vial was checked periodically with a dis- 
secting microscope, and, upon eclosión, the 
larvae were removed and placed in vials con- 
taining 70 percent ethyl alcohol. 

Some larvae were carefully dissected fromi 
the egg chorion. This procedure was employed 
only when the heavily pigmented head capsule 
and H-shaped prothoracic plate were visible, 

because these were indications that the larva 
would probably hatch within minutes. Other 
specialized techniques were used to obtain 
first instars. Larvae of Acanthoscelides pro- 
sopoides were obtained by Forister and 
Johnson (1971) by allowing adult females to 
oviposit into open-celled styrofoam. We ob- 
tained them in the same way. 

Information on larval behavior was ob- 
tained by observing the activities of live 
specimens or their damage to seeds and pods. 
Such activities of the bruchid larvae as where 
the larva had burrowed, the number of 
exuviae left within the burrows of the larvae. 

^All figures appear together, beginning on p. 47. 
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and the number of specimens within a seed 
were recorded. 

Preparatory procedures similar to those of 
Prevett {1971) were used in obtaining mi- 
croscopic slide preparations of entire larvae. A 
minimum of six specimens were observed for 
each species. Larvae were placed in a small 
crucible containing 60 percent lactic acid. The 
preparation was placed in an oven at 45° C for 8 
to 12 hours. After the larvae had been cleared 
in lactic acid, they were positioned in a drop of 
Berlese's fluid. The mounting medium was 
placed on a 0.8-mm regulation size, depression 
slide. A coverslip was placed over the larva, 
compressing it in the position desired. After 
the coverslip had been positioned, it was 
sealed with clear fingernail polish. 

A Wild M20 compound microscope, with a 
Zeichentubus camera lucida attachment, was 
used to illustrate all structures. The 
prothoracic píate was dissected from the lar- 
val integument and positioned so as to permit 
a complete dorsal view. The chaetotaxy and 
legs were figured while the larva was posi- 
tioned laterally. 

A system developed by Boving (1927) and 
adopted by Prevett (1971) was used to illus- 
trate chaetotaxy. Rectangular diagrams (figs. 
2 to 21) were drawn in which dotted lines were 
included to indicate sutures. These lines of 
demarcation divided the integument of the 
meso- and metathorax into prenotal and post- 
notal regions, dorsal epipleuron, ventral 
hypopleuron, and sternum. In addition, ab- 
dominal segments (figs. 24 to 43) 1 through 8 
bear a spiracular region. The natural sutures 
were ahned with the illustrated dotted lines 
and the setae were depicted. 

Uppercase letters are used to designate 
primary (long) setae, whereas lowercase let- 
ters identify secondary (short) setae. The dor- 
sum of the mesothoracic through abdominal 
segment 9 is divided by plicae. Consequently, 
the anterior, dorsal aspect of a segment is re- 
ferred to as the prodorsum, and the letter!) is 
used to label setae on that area of the integu- 
ment. The setae appearing on the posterior, 
dorsal portion of a segment (postdorsum) are 
labeled with the uppercase or lowercase let- 
ters A and B, 

Prevett (1971) used A, S, and C and their 
lowercase counterparts to denote the position 

of setae on the postdorsum. Because of the 
small size of first instars and difficulties as- 
sociated with determining the exact location 
of each seta and because of variability within 
species, we used a different method. If there 
was only one primary seta per subsegment, it 
was designated as A, regardless of its position. 
The second and more ventral seta was desig- 
nated asß. No "C^ setae were found on species 
in this study. The use of lowercase letters par- 
alleled that of the capitals. The lateral or 
pleural area is divided, by sutures, into a 
spiracular area (abdominal segments 1-8) and 
epipleuron. Identifying letters, for setae, ap- 
pearing on these respective areas of the in- 
tegument are s', or s", or both; E, or e, or both; 
and H, or h, or both. The thoracic sterna of 
most larvae support a pair of elongate, coiled 
setae located between the thoracic appendag- 
es. These setae are labeled/?. Thoracic legs of 
Mimosestes protractuSy Stator limhatus, S. 
pruininus, and Zabrotes subfasciatus are lack- 
ing and have been replaced by pairs of setae. 
These setae are identified as K, Acanthos- 
celides baboqiiivari and Amblycerus acapul- 
censis possess an additional seta (/) near the 
base of the meso- and metathoracic appen- 
dages. 

Abdominal sterna of most species have one 
to three short setae. These setae are identified 
with lowercase u,v, and x, depending on loca- 
tion, with the anterior seta labeled u; the mid- 
dle, ^; and the caudal, x. The dorsolateral seta 
on abdominal segment 10 is labeled g. 

The prothoracic setae were identified by de- 
veloping a composite illustration of all setae 
appearing on the prothoraces of the 20 species. 
The setae on the composite form are numbered 
consecutively (1 to 24), from dorsum to venter. 
The illustrations depicting the chaetotaxy on 
the prothorax of each species are then com- 
pared with the composite diagram. The num- 
bers of those setae appearing on both illustra- 
tions are then recorded for each species. 

Terminology similar to that of Prevett (1971) 
is used for describing the prothoracic plate 
and associated setal pattern (fig. 22, C). Each 
half of a prothoracic plate usually possesses 
anterior (A), median (M), and posterior (P) 
arms. Setae, in addition to being numbered 
consecutively, were distinguished by their 
relative locations between the anterior arms 
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of the prothoracic plate as either lateral, in- 
termediate, or medial. 

Legs were distinguished on the basis of de- 
gree of development and shape of the tarsus. 
Legs were either absent, two segmented with 
a flactened or rounded tarsus, or three seg- 
mented with an opposable (fíg. 23, J) or im- 
movable (fig. 23, K) claw. 

The anal aperture was either Y-shaped or 
transverse. 

Characters of the head were not used be- 

cause Böving {1927) and Kunhikannan {192S) 
stated that head characters are not useful for 
separating larval forms of bruchids. Our ob- 
servations agree with those of Prevett (1971), 
who observed the mouthparts of first instars 
to be too minute to illustrate. 

Numerical analysis involved 22 arbitrarily 
selected variables (see p. 17), each of which 
could be assessed a value. These values were 
analyzed using the Principal Component 
Analysis (PCA) (Dixon, 1973). 

FUNCTIONAL MORPHOLOGY 

Little has been done to ascertain the func- 
tion of certain structures peculiar to the mor- 
phology of first instar Bruchidae. For this rea- 
son, we have included a discussion of func- 
tional morphology and how it may relate to 
larval behavior. 

V-Shaped Neck Fold and Retractable 
Head Capsule 

The V-shaped neck fold and retractable head 
capsule are typical of all known first instar 
Bruchidae (Kunhikannan, 1923) and, inas- 
much as these larval forms are all endophytic, 
their function is evident. Whether burrowing 
through the egg chorion, seed pod or test, or 
tunneling through seeds, the ability to retract 
and extend the gnawing mouthparts (head) is 
important. Prior to hatching, the larva posi- 
tions itself forward in the egg, thus forcing the 
anterior end of the body against the dorsoan- 
terior aspects of the egg chorion. This activity 
pushes the head back into the prothoracic and 
mesothoracic regions. The larva then moves 
its caudal segments forward, thus forcing 
haemolymph ahead, creating a general swell- 
ing in the anterior segments. Swelling may 
also be enhanced by swallowing air obtained 
through the chorion (Hinton, 1969), Swelling 
in the anterior segments forces each lateral 
spine (located above the first abdominal spira- 
cle) and the teeth of the prothoracic plate 
against the inner layer of the egg chorion, 
thereby stabilizing the position of the larva. 
The mouthparts (head) are then extended 
forward and begin eclosión. The larva gnaws 

through the soft, pliable, ventral surface of the 
egg (Mukerji, 1939) in an anteroposterior di- 
rection. As the posterior portion of the 
emergence hole is being excavated, the head is 
extended posteroventrally, thus utilizing the 
V-shaped neck fold. 

In those forms that bore directly from the 
egg into the pod coat or seed test, the larva 
relocates itself posteriorly in the egg chorion 
when the emergence hole is completed, thus 
forcing the caudal segments against the pos- 
terior aspects of the egg. By doing this, 
haemolymph is again forced into the anterior 
segments, creating the swelling necessary to 
gain needed leverage (see above). The retract- 
able head capsule and the neck fold are then 
used when the larva begins gnawing into the 
seed or pod through the anteromedially lo- 
cated (Kunhikannan, 1923; Mukerji, 1939; 
Zacher, 1930) emergence hole in the venter of 
the egg. 

To a large extent, the above observations 
and interpretations support those of Howe 
and Currie (196i), Kunhikannan (1923), 
Lepesme (1942), and Zacher (1930) but differ 
from those of Mukerji (1939). According to 
Mukerji (1939), 'The two anterior horns of the 
shield (anterior arms of the prothoracic plate) 
are clearly seen projecting anteriorly beyond 
the head capsule. These pointed ends pierced 
the tough wall of the egg-sac, and the rent so 
made was widened as the head was pressed 
forward permitting the larva to pass out from 
the egg-sac.'' Contrary to these observations, 
we have carefully removed eggs from the seed 
or pod surface, placed them ventral side up. 
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and observed larval hatching behavior. The 
larva definitely gnaws the emergence hole in 
the venter of the egg with its mandibles. Also, 
the hole is large enough to allow passage of the 
body by peristalsis, which, according to 
Lepesme (19^2), occurs in a few seconds. 

General Body Shape 

According to Peake (1952), the general body 
shape, which consists of a broad head, thorax, 
and first through third abdominal segments, 
followed by a noticeable taper in the remain- 
ing abdominal segments (4-10), is typical of all 
known first instar bruchids except Zabrotes 
subfasciatiis (Kunhikannan, 192S). Its body is 
highly tapered toward the anterior as well as 
posterior ends. Some inherent advantages as- 
sociated with this body shape were discussed 
in the previous section. 

Briefly, the broadest portion of the body oc- 
curs in those areas where the greatest pur- 
chase (leverage) is gained for eclosión or bur- 
rowing into a seed or pod. As the posterior 
abdominal segments are brought for^yard, the 
movement of the body fluids into the anterior 
segments creates additional swelling, thus 
forcing the teeth of the prothoracic plate and 
the spines of the first abdominal segment 
against the wall of the burrow or inside of the 
chorion. 

Some difficulty is encountered as the larva 
attempts to emerge through a rather small 
hole in the chorion. This problem may be over- 
come by peristaltic waves of muscular con- 
traction that pass forward over the body sur- 
face (Wiggle s worth, 1965), thus squeezing the 
wider portions of the body through relatively 
narrow passageways. Nevertheless, many 
larvae do perish during eclosión because they 
are unable to escape through the emergence 
hole, especially those forms which do so 
through the anterior end of the e^g. Appar- 
ently, once a larva has begun the process of 
eclosión, it cannot reenter the eg^, possibly 
because of irreversible peristaltic waves or 
physical obstruction, or both, of the retrorse 
setae, spines, or prothoracic plate. Those 
forms that enter the seed or pod directly upon 
emergence probably experience lower mortal- 
ity rates because of leverage gained from the 
seed or pod tissue by the use of the prothoracic 
plate. 

Prothoracic Plate 

The form of this structure varies consid- 
erably between species and has been used to 
delineate species by Kunhikannan (192S) and 
Boving (1927) and in this research. The func- 
tion of the plate was studied by Kunhikannan 
(1923) in Callosobruchus chinensis and Acan- 
thoscelides obtectus. Mukerji (1939) stated that 
Kunhikannan was in error based on evidence 
from Mukerji's studies. Our observations do 
not agree with those of Mukerji (1939) and 
Lepesme (19Í2), but do agree with those of 
Kunhikannan (1923) and Zacher (1930), 

According to Lepesme (19Í2), the 
prothoracic plate has no known function and 
certainly does not serve to gain leverage as 
had been reported by Kunhikannan (1923), 
However, Lepesme thought that the posterior 
arms may serve to rasp away at the walls of 
the gallery, thus enlarging it for the remain- 
ing body segments. It is difficult to imagine 
that such a well-developed structure is not 
utilized in some manner for leverage during 
eclosión and pod or seed entry, or both. 

Mukerji (1939) stated that the plate was es- 
sentially a **cephalic shield'' used to protect 
the brain, which was not located in the 
chitinized head capsule. However, during eclo- 
sión he did say that as the larva assumes a 
curved posture, the teeth of the plate are 
firmly implanted into the flattened floor of the 
chorion. The head is then thrust forward, and 
the mandibles gnaw a small hole in the floor of 
the egg. We believe that his explanation would 
necessitate an extensible fold of integument 
between the base of head capsule and the an- 
terior aspects of the first abdominal sternite 
(which has not been observed to date) to en- 
able the mouthparts to reach the floor of the 
egg. In addition, he made no mention as to the 
use of the plate during seed entry. 

According to Kunhikannan (1923), the plate 
is used to gain purchase both during eclosión 
and pod or seed entry, or both. Afterwards, the 
plate is lost during the first molt, and the larva 
moves persistaltically within the burrow. 

According to Zacher (1930), "The function of 
the neckplate in Zabrotes is entirely obvious, it 
provides support for the larva near the end of 
the egg stage. It requires this support to com- 
pletely eat through the egg shell and the seed 



TECHNICAL BULLETIN 1525, U.S. DEPT. OF AGRICULTURE 

coat, as well as through the hard cement be- 
tween the egg and seed coat.*' 

Although the function of the plate has been 
discussed, the significance of the median arms 
has yet to be defined. As observed from lateral 
(Prevett, 1967, fig. lA) and anterodorsal 
(Kunhikannan, 1923) views, the teeth of the 
median arms are located anteromedially to 
the teeth associated with the posterior arms. 
Their strategic location enables the larva to 
obtain purchase on the seed test or pod 
pericarp, while the teeth of the posterior arms 
are free or are still within the chorion of the 
egg, thus enabling the larva to apply force to 
the mandibles. The teeth of the median arms 
may be in close proximity because it is much 
easier to get these teeth through the 
emergence hole than it would be to try to 
wedge the teeth of the posterior arms through. 
It would also seem that the functional signif- 
icance of these teeth would be largely negated 
once the larva has tunneled into the seed, for 
at this time the plate would be largely de- 
pressed into the thorax, thus creating consid- 
erable resistance to forward movement. 

Spine on First Abdominal Segment 

The function of this structure was over- 
looked by Kunhikannan (1923) but has since 
been discussed both as an egg burster (Howe 
and Currie, 196i; Mukerji, 1939; Ter an, 1962; 
van Emden, 19^6) and a fulcrum used by the 
larva to emerge from the egg (Howe and Cur- 
rie, 196i; Teran, 1962; Zacher, 1930). 

In addition to functioning with the V-shaped 
neck fold and retractable head capsule during 
eclosión, this spine appears to have another 
function (Howe and Currie, 196^; Zacher, 
1930). From our observations of emerging 
specimens, it appears as though the spines are 
manipulated with ease; that is, their distal 
ends (Mukerji, 1939) may be extended at right 
angles to the body or returned to a position 
parallehngthe integument. Muscles are prob- 
ably inserted at the base of the spine. 

Another function is one of assistance in ro- 
tation within the egg prior to emergence 
(Howe and Currie, 196^). Recorded observa- 
tions on embryonic development of bruchid 
larvae indicated that most develop with their 

venter opposite the surface of the pod or seed. 
Therefore, rotation must occur within the egg 
before eclosión can occur. Rotation is executed 
with the combined efforts of the abdominal 
spines, prothoracic plate, and, to a lesser ex- 
tent, the body setae. By peristaltic contrac- 
tions, a slight torsion of the body, and alternat- 
ing usages of the spines and prothoracic plate, 
intervened by the stabilizing effect of the body 
setae, the larva is able to right itself within the 
egg preparatory to emergence. 

Legs 

The lengths of the legs may vary from those 
in which each pair is exceeded in length by the 
next posterior pair or those in which all are of 
subequal lengths to those in which legs are 
completely wanting. Kunhikannan (1923) de- 
scribed the functional significance and activ- 
ity of those legs of varying lengths in his be- 
havioral discussion of Acanthoscelides obtec- 
tus. We have observed these larvae penetrat- 
ing the free surface of a pod or seed. Thus, his 
description of the process in which the larva 
loops the body and uses the legs to create addi- 
tional pressure on the mandibles, by shifting 
the weight and forces of the body forward, ap- 
pears acceptable at this time contrary to opin- 
ions expressed by Mukerji (1939). 

The habit of boring directly into the seed or 
pod from the egg would seem to negate the 
value of legs, unless they were used for bur- 
rowing by the larva. If they are used for bur- 
rowing, we feel that their lateral arrangement 
would be an advantage. An explanation for 
this may be that of the species involved in this 
study that possess legs, only Amblycerus 
acapulcensis and Caryobruchus gleditsiae 
(figs. 23,/ and K) lack a tarsus that terminates 
in a flattened or rounded anteriorly projecting 
lip. In the egg or burrow where the legs are 
arranged posteroventrally, the lip of the tar- 
sus would be directed outward. As the larva 
begins to burrow, it would move its posterior 
segments forward, thus forcing the 
haemolymph into the anterior segments. As a 
result, the anterior segments would swell, 
forcing the lip of the tarsus into the tissue of 
the cotyledon. This would provide additional 
stabilization for the larva in overcoming the 
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backward thrust of the body resulting from 
the activities of the mandibles. 

Conversely, we believe the lip of the tarsus 
would also present a problem in moving for- 
ward through the burrow because of drag and 
the chances of snagging on the walls of the 
burrow. This may be one reason why larvae 
molt soon after entering the seed. 

The legs of Amblycerus acapulcensis are 
probably adapted primarily for walking since 
this bruchid appears to have little difficulty in 
burrowing through the pod wall without gain- 
ing purchase. The legs of Caryobruchus gledit- 
siae are very stout and terminate in a very 
sharp, heavy claw. Because its host seed is 
extremely hard, the legs (claws) are probably 
actively used while boring into the seeds. 
Apodous forms may lack appendages because 
the legs may have presented more of an obsta- 
cle than assistance. This probably accounts for 
the apodous larva of Mimosestes protractus. It 
enters the very green pods of Prosopis juli- 
flora, and the legs probably would provide 
little assistance and considerable drag in try- 
ing to move through the sirupy contents of the 
pod. Consequently, the appendages were prob- 
ably selected against. 

Tenth Abdominal Segment 

All the species in this study appear to use 
the tenth abdominal segment as an adhesive 
disk, thus serving a very important function in 
locomotion (Kunhikannan, 1923; Peake, 1952), 
Larvae of Amblycerus acapulcensis were ob- 
served to crawl a short distance, then loop the 
body, bringing the caudal end forward. The 
tenth segment sucker then became attached 
to the substrate, and the larva rose to a verti- 
cal position. There it swayed back and forth 
several times before it resumed its horizontal 
position. 

On many occasions, the larva of A. acapul- 
censis also moved forward in short incre- 

ments, much like an inchworm (Geometridae) 
(Peake, 1952). This mode of behavior some- 
times occurred for several seconds before the 
larva resumed walking. 

Setae 
The long setae of the larvae of ancestral 

bruchids doubtlessly possessed a tactile or 
protective function as the larva crawled over 
the pod or seed surface. However, because 
many of the first instar larvae no longer 
exhibit this form of behavior, we suspect that 
the primary setae have regressed in length 
because the setae show a definite trend in 
change of length from the long (more active 
larvae, thus probably more primitive) primary 
setae to the complete absence of primary setae 
(typical of more sedentary larvae, thus proba- 
bly more derived). 

In most instances, the prothoracic primary 
setae do not equal the lengths attained by the 
primary setae located on other body segments. 
Apparently, the short setae are more easily 
manipulated through the emergence hole. 
Once this happens, the larva has gained addi- 
tional leverage, which is so essential in suc- 
cessfully escaping from the egg. 

Setae that appear on the thoracic sternites 
of many forms are large and coiled (fig. 8). Ac- 
cording to Kunhikannan (1923), they "secure 
sufficient space between the ventral surface 
and the seed for the meal to be worked back, 
for an intimate contact with the seed on the 
ventral side would make difficult the passage 
of the meal." They might also function indi- 
rectly in burrowing. As the burrow is 
lengthened, the head is extended forward, 
thus reducing the pressure of the body fluids 
in the thoracic segments. In conjunction with 
the reduced pressure and what appears to be a 
springlike seta, the thoracic sternites would 
probably be elevated, thus allowing the larva 
to disengage the lip of its tarsus in preparation 
for the forward movement of the body. 

SYSTEMATICS OF SOME FIRST INSTAR LARVAE OF THE BRUCHIDAE 

Morphological Characters 

External morphology, behavior, and (to a 

limited extent) host plants were used to derive 
the following larval group arrangements and 
stepwise component analysis (fig. 44): 
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LARVAL GROUPS AND SUBGROUPS 

1. Amblycerus acapulcensis 
2. Caryobruchus gleditsiae 
3. A.   Algarobius prosopis 

B. Acanthoscelides obtectus 
C. A. prosopoides 
D. A. collusus 

A. mixtus 
A. aureolus 

E. A. baboquivari 
4. A.   Mimosestes sallaei 

B. M. amicus 
C. Acanthoscelides macrophthalmus 

5. A.   A. chiricahuae 
B. Neltumius arizonensis 
C. Sennius morosus 

6. Stator pygidialis 
S. pruininiis 
S. limbatus 

7. Mimosestes protractus 
8. Zabrotes subfasciatus 

Characters that proved to be of greatest value 
were those associated with— 

• Prothoracic plate: Number of teeth pres- 
ent on median and posterior arms; presence or 
absence of median arms; number of associated 
setal pairs; gross morphology; shape of some 
teeth; degree of development. 

• Legs: Presence, absence; number of seg- 
ments; degree of development of tarsus; shape 
of tarsus; relative lengths of legs; associated 
setal arrangements and sensory pores. 

• Anal aperture: Shape. 
• Spiracles: Uniforous, biforous, and loca- 

tion. 
• Setae: Distribution on different intraseg- 

mental areas; presence or absence of primary 
setae; varying lengths of primary setae; re- 
duction in setal number. 

Nonmorphological Characters 

When known, host specificity and larval be- 
havior were used in our classification. We used 
such attributes of larval behavior as whether 
the larva bores directly into a seed or pod, or 
ecloses through the anterior end of an eg^ and 
uses the chorion to gain leverage, or ecloses 
then wanders before entering a seed. 

Species Groups 

The larvae of the 20 species we studied dis- 
play a definite trend in reduction of develop- 

ment or loss of structures from what we con- 
sider to be more ancestral {Caryobruchus 
gleditsiae and Amblycerus acapulcensis) to the 
more derived forms (Zabrotes subfasciatus 
and Mimosestes protractus). We consider an- 
cestral structures to be those composed of nu- 
merous parts and less reduced in size, whereas 
derived structures exhibit a loss of, or reduc- 
tion in size of, component parts (Brown, 1965), 

The characters we considered to be derived 
were— 

• Setae: Reduction in relative lengths of 
both primary and secondary setae and a re- 
duction in number. 

• Prothoracic plate: Reduction in degree of 
development, numbers of teeth on median and 
posterior arms, and setal pair number as- 
sociated with plate; loss of median arms and 
majority of posterior arms. 

• Legs: Reduction in number of segments 
and development of tarsus. 

• Spiracles: From biforous to uniforous. 
• Anal aperture: From Y-shaped to trans- 

verse. 
• Larval behavior: After hatching, larvae 

that crawl over the pod or seed surface prior to 
entering the host are considered to be most 
ancestral (in the sense of MacSwain, 1956); 
whereas, those that penetrate the pod or seed 
directly upon eclosión we regard as being more 
derived. 

Group 1,—This group, composed of only 
Amblycerus acapulcensis^ is considered to be 
most primitive because it has (1) three- 
segmented legs possessing internal 
sclerotized plates (fig. 23, J) and terminates in 
a movable, opposable claw; (2) biforous spira- 
cles; (3) a Y- shaped anal aperture; and (4) a 
well-developed prothoracic plate with median 
arms and five pairs of associated setae (fig. 22, 
J), This group is thought to be more closely 
related to group 2 than to other groups be- 
cause both possess biforous spiracles, Y- 
shaped anal apertures, three-segmented ap- 
pendages, and more than four pairs of setae 
associated with the plate. Group 1 is separated 
from group 2 because group 1 possesses me- 
dian arms on the prothoracic plate and one 
pair of primary and two pairs of secondary 
setae on the dorsum of the 10th abdominal 
segment (fig. 33). 
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Group 2,—This group, composed of Caryo- 
bruchus gleditsiae, is distinguished by the ab- 
sence of (1) median arms on the prothoracic 
plate (fig. 22, K), (2) opposable claws on the legs, 
and (3) primary setae on the 10th abdominal 
segment. The reduction in length of abdominal 
primary setae indicates that group 2 is proba- 
bly more derived than group 1. The presence of 
four pairs of setae on the postdorsum of ab- 
dominal segments 2-7 (fig. 34) and a primary 
and secondary hypopleural seta on abdominal 
segments 5 and 8 easily separate groups 
1 and 2. Because groups 2 and 3 are distantly 
related, many noticeable morphological dif- 
ferences exist between them. Biforous spira- 
cles, a Y-shaped anal sulcus, and seven pairs of 
setae associated with the prothoracic plate 
represent a few of many possible characters 
that may be used to separate the two groups. 

Group 3,—The seven species of this group 
are recognized by the presence of 8 to 10 pairs 
of setae on the prothorax (fig. 2), exclusive of 
those associated with the prothoracic plate. 
These species are also similar in gross mor- 
phology of the prothoracic plate (fig. 22), 
number and distribution of setae associated 
with the plate, and each pair of legs being ex- 
ceeded in length by the succeeding pair (ex- 
cept Acanthoscelides haboquivari). We sepa- 
rate subgroups 3A, 5, and C from subgroups 
3Z) and E on the basis of larval behavior. The 
first instar of groups 3A,ß, and C crawls over 
the pod or seed surface following eclosión, 
whereas the first instar of groups 3D and E 
bores directly from the e^g into the pod or 
seed. 

Subgroup SA.—This subgroup, composed of 
Algarobius prosopis, differs in that it has a 
single tooth on each median arm and seven 
teeth on each posterior arm of the prothoracic 
plate (fig. 22, /), and the mesothoracic spiracle 
is located on the epipleuron instead of the 
hypopleuron as in the other groups. We con- 
sider this subgroup to be related to subgroup 
35 since both subgroups exhibit similarities in 
their prothoracic plates (fig. 22, G and /), 
chaetotaxy (figs. 8, 10, 30, and 32), and larval 
behavior. 

Subgroup 3B.—Acanthoscelides obtectus dif- 
fers from others in group 3 in possessing a 
single tooth on the median arms and five teeth 
on each posterior ar'hi of the prothoracic plate 

(fig. 22, G). It also possesses broad sclerotized 
plates on the dorsum of abdominal segments 8 
and 9 (fig. 30). The number of teeth on the 
median arms (fig. 22, G and H) and the absence 
of primary setae on the postdorsum of abdom- 
inal segments 1-7 (figs. 30 and 31) are differ- 
ences between subgroups W and C 

Subgroup 3C,—Acanthoscelides prosopoides 
is more nearly related to subgroup W than to 
subgroup 3D because of differences in larval 
behavior and host plant preferences. It differs 
from subgroup W by lacking abdominal plates 
(fig. 30) and long, curved setae at the distal end 
of the basal leg segment (fig. 23, G), and by 
possessing two secondary setae on the post- 
dorsum of abdominal segments 1-7 (fig. 31). A. 
prosopoides and A. collusus are alike because 
both possess two teeth on each median arm of 
the prothoracic plate. 

Subgroup 3D,—Acanthoscelides collusus, A. 
mixtus, and A. aureolus are very closely re- 
lated. A. aureolus and A. mixtus are thought to 
be more closely related because of nearly iden- 
tical prothoracic plates (fig. 22, A and F), pres- 
ence of seta d' on the prodorsum of the 
mesothoracic and metathoracic segments (figs. 
2 and 7), and larval behavior. These two 
species are, however, readily separated by 
three postdorsal and one epipleural setae on 
abdominal segment 9 of A. aureolus (figs. 24 
and 29), which mixtus lacks. The larva of A. 
collusus may wander after eclosión, which re- 
sembles the behavior of those larval forms in 
subgroups 3A, B, and C. A. collusus also pos- 
sesses two teeth on each median arm of the 
prothoracic plate (fig. 22, D and H), which is 
similar to A. prosopoides and differs from A. 
aureolus (fig. 22,A) andA. mixtus (fig. 22,F). A. 
collusus also possesses primary and secondary 
setae on the mesothoracic epipleuron (fig. 5) as 
do A. aureolus (fig. 2) and A. mixtus (fig. 7) but 
is wanting in A. prosopoides (fig. 9). In addi- 
tion, A. collusus enters the pod or seed directly 
from the egg, which A. prosopoides has not 
been observed to do, thus more closely ap- 
proximating behavioral characteristics of A. 
aureolus and A. mixtus. 

Subgroup 3E.—Acanthoscelides baboquivari 
is easily separated from the other subgroups 
because of its greatly reduced pair of 
prothoracic legs (fig. 23, B) and presence of 
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seta/ on the meso- and metathoracic sterna 
(fig. 3). 

Group Jf,—Mimosestes sallaei, M, amicus^, 
and Acanthoscelides macrophthalmus resem- 
ble one another more closely than they do any 
other species group. Because of this, they are 
placed together in this group. The prothoracic 
plate of each species, which serves to distin- 
guish group 4 from other groups, has two teeth 
on each median arm and an elongate, pointed, 
median tooth subtended by seven or eight 
smaller, blunt teeth on the posterior arms 
(fig. 22, E, L, and N). The chaetotaxy is also 
similar on the epi- and hypopleural regions of 
the mesothorax and metathorax (figs. 6, 13, 
and 15) and most abdominal segments (except 
segments 1, 2, and 5) (figs. 28, 35, and 37).. 

Subgroup iA,^Mimosestes sallaei is readily 
distinguished because each pair of legs is 
longer than the preceding pair, and each leg 
terminates in a flattened tarsus (fig. 23,M). M. 
sallaei also possesses seta s' above the first 
abdominal spiracle (fig. 27). 

Subgroup J^B.—Mimosestes amicus is sepa- 
rated from subgroup 4A by its thoracic appen- 
dages of subequal lengths (fig. 23,L). The flat- 
tened tarsus and larval behavior serve to dis- 
tinguish it from subgroup 4C. 

Subgroup iC,—Acanthoscelides mac- 
rophthalmus differs from these similar forms 
because its legs are of subequal lengths and 
each terminates in a rounded tarsus (fig. 23, 
E), The prodorsal region of the meso- and 
metathorax (fig. 6) possesses three setae. A 
pair of setae are also present at the base of 
each appendage. 

Group 5.—As in group 4, Acanthoscelides 
chiricahuae, Neltumius arizonensis, and Sen- 
nius morosus probably represent a polyphyle- 
tic assemblage. Each species has legs that 
terminate in a rounded tarsus (fig. 23, C, N, 
and O). This character separates this group 
from the others, with the possible exception of 
subgroup 4C. However, the metathoracic ap- 
pendage of A. macrophthalmus terminates in a 
tarsus, which is more flat than rounded. 

Subgroup 5A,—Acanthoscelides chiricahuae 
is thought to be related more to Neltumius 
arizonensis than to Sennius morosus because 
of the complete absence of sternal setae on the 
abdomen of S. morosus (fig. 39). This subgroup 

is most easily recognized by the hypopleural 
setae on the mesothorax and metathorax (fig. 
4) and abdominal segment 9 (fig. 26). It also 
possesses three teeth on one median arm and 
two teeth on the other median arm of the 
prothoracic plate (fig. 22, C). 

Subgroup 5B,—Neltumius arizonensis is 
distinguished by the presence of three to four 
teeth on the median arms and five to six on the 
posterior arms of the prothoracic plate (fig. 22, 
O). It also infests the seeds of Prosopis and has 
comparatively shorter setae than those of 
subgroup 5A (figs. 16 and 38). 

Subgroup 5C,—Sennius ynorosus is easily 
separated by the absence of setae on the ab- 
dominal sternites (fig. 39) and presence of two 
teeth on each median arm of the prothoracic 
plate (fig. 22, P). 

Group ^.—The larvae of Stator pygidialis, 
S. pruininus, and S. limbatus lack legs and 
primary setae (figs. 18, 19, 20, 40, 41, and 42). 
This distinguishes them from groups 1 
through 5. Group 6 differs from groups 7 and 8 
because larvae in group 6 have an elongate, 
pointed median tooth on the posterior arms of 
the prothoracic plate (fig. 22, Q, ß, and *S). 

Stator pygidialis and S. pruininus are 
thought to be very closely related because 
both share numerous similarities in 
chaetotaxy and morphology (figs. 19, 20, 41, 
and 42). They also possess nearly identical 
prothoracic plates (fig. 22, R, and S), usually 
differing only in a single tooth on the median 
arm of the prothoracic plate of S. pruininus. 
In addition to this difference, S. pygidialis 
possesses eversible saclike lobes on the 
thoracic sterna (fig. 20) and lacks the several 
pointed, sclerotized, plates on abdominal ster- 
nites 7 and 8 of S. pruininus (fig. 41). 

S. limbatus is easily separated because it 
has five teeth on each posterior arm of its 
prothoracic plate as compared with three 
teeth in S. pruininus and S. pygidialis. 

Group 7.—Mimosestes protractus is easily 
separated from members of groups 1 through 5 
by the absence of primary setae and legs. The 
absence of the elongate, median tooth on the 
posterior arm of the prothoracic plate and the 
four pairs of associated setae (fig. 22, Q,Ä, and 
S) serve to distinguish this group from group 6. 
Characters of the prothoracic plate also sepa- 
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rate group 7 from group 8. Each arm of the 
prothoracic plate of group 8 (fíg. 22, T) is repre- 
sented by two or three teeth (thought to be 
remnants of the posterior arms), whereas the 
prothoracic plate of group 7 (fig. 22, M) pos- 
sesses anterior, median, and posterior arms. 

Group <^.—This group, composed of Zabrotes 

subfasciatusy is separated from all other 
groups by the absence of primary setae, legs, 
(figs. 21 and 43), and a nearly complete reduc- 
tion in the prothoracic plate (fig. 22, T), 

Morphological differences between species 
of groups 7 and 8 are so distinct they do not 
need further discussion. 

CLASSIFICATION OF LARVAL BRUCHIDAE AT THE SUBFAMILY AND 
GENERIC LEVELS 

Boving (1927) and Prevett (1971) classified 
bruchid larvae at the subfamily level but 
primarily used characters of the intermediate 
instars. Prevett was the first to use characters 
of the first instar in a subfamily classification. 

We compared characters of the first instars 
of species in this study to see if we could arrive 
at a subfamily classification that would con- 
form to the adult subfamily classification. We 
compared the chaetotaxy, prothoracic plates, 
legs, and anal segments. These characters 
were then compared with characters Prevett 
used in his classification. Except for 
chaetotaxy, our results were generally incon- 
clusive, indicating that additional characters 
and species need to be studied or that there is 
incongruence between larval and adult classi- 
fications at the subfamily level. 

Chaetotaxy 

Our observations and those of Prevett (1971) 
indicate that the chaetotaxy of the first in- 
stars may be useful to separate subfamilies. 
The setae of the spiracular area of abdominal 
segments 2-8, the hypopleura of abdominal 
segments 2-9, abdominal sternites 2-8, and 
the prodorsum of the meso- and metatho- 
rax all are valuable to distinguish the 
Pachymerinae, Amblycerinae, and Bruchi- 
nae. In the Pachymerinae, Caryobruchus, 
Caryedon, and Pachymerus all have second- 
ary setae in the spiracular area of abdominal 
segments 2-8. Their abdominal hypopleura 
(2-9) are variable because some segments bear 
a single seta, whereas others have two. The 
chaetotaxy of abdominal sternites 2-8 also ap- 
pears variable, but there are usually more 
than two setae or less than two setae on each 

sternum. Caryobruchus and Caryedon are 
without setae on the prodorsum of the meso- 
and metathorax, whereas seta d' is present in 
Pachymerus cardo. 

Setae are not as common on the spiracular 
areas of abdominal segments 2-8 in the 
Amblycerinae as they are in the 
Pachymerinae. Amblycerus acapulcensis pos- 
sesses one seta, on the spiracular area of ab 
dominai segments 7 and 8, that separates it 
from the Pachymerinae. Zabrotes subfas- 
ciatus is without setae, whereas Sper- 
mophagus sp. bears one seta in the spiracular 
area. Members of Amblycerinae are con- 
sistent in that only a single secondary seta 
appears on the hypopleuron of abdominal 
segments 2-9. The condition that exists in the 
chaetotaxy of the spiracular and hypopleural 
areas of Z. subfasciatus is also typical of many 
Bruchinae. However, Z. subfasciatus may be 
distinguished from species of Bruchinae by 
the presence of a single secondary seta on the 
meso- and metathoracic epipleuron. The 
Amblycerinae consistently bear setae u and v 
on abdominal sternites 2-8. This subfamily is 
also the only subfamily that consistently lacks 
setae on the meso- and metathoracic prodorsa. 

Except forM^moses¿espro¿rac¿^6s, which has 
one seta on the spiracular area of the second 
abdominal segment, the Bruchinae lack setae 
on all abdominal spiracular areas. However, in 
this subfamily the arrangement of the setae 
does not follow a consistent pattern on the 
abdominal hypopleura and sternites. A major- 
ity of the Bruchinae also lack setae on the 
prodorsum of the meso- and metathorax, but 
others may possess two or three setae. 

In summary, the Pachymerinae are most 
easily distinguished from the other sub- 
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families by two setae on the spiracular areas of 
abdominal segments 7-8. The Amblycerinae 
may be distinguished by a combination of the 
single seta (h) on abdominal hypopleura 2-9 
and the presence of not more than one seta on 
the spiracular area of abdominal segments 7 
and 8. Zabrotes subfasciatus (Amblycerinae) 
first instars resemble many species in the 
Bruchinae in many characters, including the 
lack of spiracular setae. Z. subfasciatus may 
be separated from the Bruchinae, however, by 
the single secondary seta on its meso- and 
metathoracic epipleura. The Bruchinae are 
distinguished from the other subfamilies be- 
cause they lack spiracular setae. M. protractus 
(Bruchinae) possesses one spiracular seta on 
the second abdominal segment but also pos- 
sesses two secondary setae on the prodorsum 
of the meso- and metathorax, which is suffi- 
cient to distinguish it from the Amblycerinae 
and Pachymerinae. 

Prothoracic Plate 

Caryobruchus gleditsiae is easily distin- 
guished from other species in this study by the 
absence of median arms and the presence of 
seven pairs of associated setae. Prevett (1971) 
cited the absence of setae on the sclerotized 
plate as a consistent difference between the 
Pachymerinae and the other two subfamilies 
he treated. We found that this is not true of C. 
gleditsiae (fig. 22, K). Conversely, characters 
we used to distinguish the Pachymerinae are 
not of value in separating members of the 
same subfamily in Prevett's study, because 
members of Caryedon appear to possess me- 
dian arms and fewer numbers of setae (four 
pairs). We were unable to find characters, of 
the prothoracic plate, that hnk together mem- 
bers of the Pachymerine genera Caryedon, 
Pachymerus, and Caryobruchus. 

The two species we studied in the 
Amblycerinae have prothoracic plates that 
are extremely different from one another. The 
plates oí Amblycerus acapulcensis (fig. 22, J) 
and Zabrotes subfasciatus (fig. 22, T) seem to 
represent extremes in degrees of develop- 
ment, whereas that of Spermophagus sp. (see 
fig. 22 A in Prevett, 1971) is reduced in devel- 
opment and appears to have a form inter- 
mediate to that of the other two species. Today 

no characters of the prothoracic plate appear 
to link together members of the Amblycerinae. 

As stated by Prevett, with the exception of 
Bruchidius schoutedeni (Pic) (Prevett, 1971: 
fig. 23, G), the plates of the Bruchinae appear 
X-shaped and may be used to distinguish this 
subfamily. The plate of ß. schoutedeni may be 
distinguished by its V-shape and the presence 
of three pairs of setae on the sclerotized plate. 
Some members of the genus Caryedon (Pre- 
vett, 1971: fig. 15) also possess an X-shaped 
plate. We found that seta 5 (fig. 22, C) appears 
to be a consistent character to most 
Bruchinae, but apparently not to Caryedon, 
Seta 5, then, separates these two groups. 

Legs 

The legs of Caryobruchus gleditsiae are 
quite well developed, possessing a distinct 
coxa, femur, and tibia which terminates in a 
very heavy claw. Prevett stated that the ap- 
pendages of the Pachymerinae he studied 
were composed of four segments; however, we 
could only find three segments in the legs of C. 
gleditsiae. Consequently, the number of seg- 
ments in their legs apparently does not link 
members of this subfamily. 

The legs oí Amblycerus acapulcensis are the 
most highly developed of those species in- 
volved in this study. They have four segments 
with the three distal segments possessing 
internal sclerotized plates (fig. 23,/). There is 
a great deal of similarity between the appen- 
dages of A, acapulcensis and Pachymerus 
cardo (Prevett, 1971: fig. 11a). 

Boving (1927) observed that Spermophagus 
hoffmanseggi Gyllenhal had "three pairs of 
rather long legs . . .''A leg of this species was 
subsequently illustrated by Boving and 
Craighead (1930), Kingsolver (1970) trans- 
ferred the adults of this species to the genus 
Amblycerus where they rightfully belong. 
Prevett (1971) remarked that this species was 
not similar to others in the Amblycerinae. Böv- 
ing's studies of Amblycerus hoffmanseggi sup- 
port ours: Species in the genus Amblycerus 
have elongate legs. Species of the true genus 
Spermophagus and of Zabrotes appear to be 
apodous. 

According to Prevett, appendages of the 
Bruchinae are three segmented. The third 
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segment, one more than had previously been 
found (Kunhikannan, 1923 \ Riley, 1891), Pre- 
vett termed a **poorly defined*^ coxa. This 
basal segment may occur in all Bruchinae, but 
it is so small and difficult to see that we cannot 
verify that all the Bruchinae that we studied 
have three-segmented legs. The legs of some 
Bruchinae are flattened terminally, whereas 
others are rounded (fig. 23, A,D, compare with 
C). The Bruchinae Stator limbatus, S, 
pruininus, S, pygidialis, and Mimosestes prot- 
ractus lack appendages as does Eubaptus 
rufithorax (see fig. 42 in Teran, 1967), several 
species of the subfamily Amblycerinae, and 
species of Tuberculobruchus (Prevett, 1971). 

Due to the presence, degree of development, 
or absence of legs among the members within 
the three subfamilies, it does not appear pos- 
sible at this time to distinguish one subfamily 
from another on the basis of leg development. 

Spiracles 
Members of the Bruchinae may be distin- 

guished by their uniforous spiracles, whereas 
the spiracles of the Pachymerinae are bifor- 
ous. The biforous spiracular condition consti- 

tutes a subfamilial character, which may be 
used to distinguish the Pachymerinae. In the 
Amblycerinae, the genera Zabrotes and Sper- 
mophagus have spiracles that are uniforous, 
but Amblycerus has biforous spiracles. 

Anal Segment 

A comparison of the first instar anal seg- 
ment was not made by Prevett (1971) nor had 
one been made previously; therefore, the fol- 
lowing statements refer only to species in this 
study. A consistent feature of all Bruchinae 
and Zabrotes subfasciatus is the two-lobed 
anal segment created by a transverse anal 
aperture, but Caryobruchus gleditsiae and 
Amblycerus acapulcensis are characterized by 
a Y-shaped anal sulcus, which divides the 
tenth segment into three lobes. 

We used many characters in an attempt to 
arrive at a classification at the generic level 
that matched that of the adults. This we were 
unable to do. More characters and species 
need to be studied before a generic classifica- 
tion of first instar New World bruchid larvae is 
formulated. 

CONGRUENCE BETWEEN A LARVAL AND AN ADULT CLASSIFICATION OF 
BRUCHIDAE 

When the larval classification at the species 
level had been completed, it was compared 
with a species classification of the adults. This 
was something of a problem because, although 
there has been a good deal of research on the 
Bruchidae in recent years, httle work has been 
done on the relationships between taxa at the 
generic level and above. Therefore, the adult 
classification below was compiled from a key 
by Bridwell (19^6), Slobodchikoff and Johnson 
(1973), personal communications with J. M. 
Kingsolver, and unpublished data of one of us 
(Johnson). The following classification of the 
adults is presented so that those species that 
are listed close to one another we believe are 
most closely relate^: 

CLASSIFICATION OF SOME ADULT 
BRUCHIDAE 

Subfamily Pachymerinae 
Caryobruchus gleditsiae 

Subfamily Amblycerinae 
Amblycerus acapulcensis 
Zabrotes subfasciatus 

Subfamily Bruchinae 
Mimosestes amicus 
M. sallaei 
M. protractus 
Algarobius prosopis 
Acanthoscelides macrophthalmus 
A. chiricahuae 
A. obtectus 
A. prosopoides 
A, aureolas 
A. collusus 
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CLASSIFICATION OF SOME ADULT 
BRUCHIDAE—Continued 

Subfamily Bruchinae—Continued 
A. mixtus 
A. baboquivari 
Sennius morosus 
Stator limbatus 
S, pruininus 
S. pygidialis 

The subfamilies Amblycerinae, Pachymeri- 
nae, and Bruchinae are quite distinct from 
each other, at least in the adult stages, and 
are believed to represent natural groups. Re- 
cent studies, however, indicate that Zabrotes 
Sind Amblycerus, genera of the Amblycerinae, 
may not be as closely related to one another as 
was once thought (J. M. Kingsolver, personal 
commun.). 

When characters of the adults are used, 
species in the genera Mimosestesy Algarobius, 
and Acanthoscelides form an apparent, natu- 
ral, cohesive group. Species of Sennius and 
Stator have many characters in common and 
appear to be more closely related in the 
characters of the adults than to others treated 
here. The genus Neltumius lacks close af- 
finities to other groups known to us. 

The classification of species larval charac- 
ters for the most part matches that of the 
adults (fig. 44). Amblycerus acapulcensis and 
Caryobruchus gleditsiae are both distinct and, 
based on larval characters, should probably be 
placed in separate subfamilies. Species in the 
other genera generally are clumped together 
in a classification much like that of the adults. 
Minor exceptions are that Acanthoscelides 
macrophthalmus (group 4) is more similar to 
Mimosestes amicus and M. sallaei, and group 5 
is composed of three species from three differ- 
ent genera. It was pointed out previously that 
groups 4 and 5 (p. 12) are probably artificial, so 
these exceptions are probably not of any great 
significance. 

Congruence between adult and larval classi- 
fications is probably best exemplified by the 
three species in the genus Stator. The species 
show close relationships whether adult or lar- 
val characters are used. 

Incongruence is most striking between the 
adult and larval classifications of both 
Mimosestes protractus and Zabrotes subfas- 
ciatus. Larvae of both species resemble larvae 

in species of Stator. The differences from other 
larvae are especially apparent in the Principal 
Component Analysis (PCA) (fig. 44). The adults 
of M. protractus are quite distinct from other 
known species of Mimosestes, therefore radi- 
cal differences are not so surprising. It is with 
Z. subfasciatus that the incongruence be- 
tween the adult and larval classification is 
most noteworthy. Zabrotes and Amblycerus 
adults are classified in the same subfamily, yet 
the larvae are very different. In the list on 
page 10, they are classified at opposite ends 
of a^phylogenetic" seriesof larval groups, and 
they also appear distant from one another in 
figure 44. 

Minor incongruence is shown in both Sen- 
nius morosus and Neltumius arizonensis. 
Adult characters do not closely ally N. 
arizonensis with any known bruchids (except 
other Neltumius), but larval characters 
loosely ally it to both Acanthoscelides 
chiricahuae and S. morosus. 

It comes as no surprise that there is some 
incongruence between larval and adult classi- 
fications of bruchids. First instars of the 
Bruchidae are highly modified for entry into 
seeds, whereas the imagos are specialized for 
reproduction. 

As far as is known, adults mast often feed on 
pollen and nectar in flowers. It seems to us 
that the very great difference in habitat and 
the resultant differences in selection pressures 
would tend to cause differences in morphology 
and behavior and, consequently, differences in 
classification between adults and larvae. For 
example, all three species of Stator probably 
have similar larvae because the eggs of all 
three species are glued tightly to seeds and the 
larvae enter the seeds directly. Conversely, 
there is a greater amount of variation in lar- 
vae of species of Acanthoscelides and 
Mimosestes probably because of differences in 
methods of attaching eggs and quality of seeds 
and pods used as hosts. Stator has become 
highly specialized and very successful, 
whereas species in other genera have appar- 
ently evolved different structures in radiating 
into different niches. 

Although the principal thrust of this re- 
search was not to evaluate congruence be- 
tween adult and larval characters, an analysis 
of our results tends to agree generally with 
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those of Rohlf (1963), because we also have 
concluded that, although larval and adult in- 

terrelationships generally agree, classifica- 
tions also differ distinctly. 

PRINCIPAL COMPONENT ANALYSIS 

After the classification presented on page 10 
was constructed, a PCA was run to measure 
differences and similarities between "intui- 
tive'' and numerical classifications. The re- 
sults of the PCA are presented in figure 44. 
Variables used in the PCA were: 

1. Number of teeth on posterior arm of 
prothoracic plate. 

2. Number of teeth on median arm of 
prothoracic plate. 

3. Number of setal pairs associated with 
prothoracic plate. 

4. Number of segments in leg. 
5. Number of anal lobes. 
6. Number of prothoracic setae, exclu- 

sive of those associated with prothor- 
acic plate. 

7. Number of primary setae on 
mesothoracic epipleuron. 

8. Number of primary setae on meta- 
thoracic prodorsum. 

9. Number of secondary setae on post- 
dorsum of abdominal segments 3-5. 

10. Number of setae on abdominal seg- 
ment 10. 

11. Number of setae on postdorsum of ab- 
dominal segment 9. 

12. Number of secondary setae on 
spiracular area of abdominal segment 
1. 

13. Number of setae on sternum of ab- 
dominal segment 1. 

14. Number of secondary setae on prodor- 
sum of abdominal segment 2. 

15. Number of primary setae on abdomi- 
nal epipleuron 8. 

16. Number  of  setae   on   sternum  of 
metathorax. 

17. Number of setae on metathoracic 
hypopleuron. 

18. Number of setae on postdorsum of ab- 
dominal segment 8. 

19. Number of primary setae on abdomi- 
nal hypopleuron 3. 

20. Number of primary hypopleural setae 
on mesothorax. 

21. Number of secondary setae on prodor- 
sum of abdominal segment 7. 

22. Number of secondary setae on abdom- 
inal epipleuron 8. 

According to Sneath and Sokal (1973), three 
eigenvectors can often represent the majority 
of the variation among operational taxonomic 
units (OTU's). This is indicated among the 
OTU's in this study, for the majority (57 per- 
cent) of the distribution can be explained by 
the three eigenvectors and their eigenvalues. 
The first component accounts for 24 percent of 
the total variance. Components 2 and 3 ac- 
count for progressively less variation—22 per- 
cent and 11 percent, respectively, of the total 
variation. 

A three-component plot (fig. 44) illustrates 
the phenetic relationships between OTU's. 

The numerical results of the PCA, including 
eigenvalues, cumulative proportion of total 
variance, eigenvectors, and values for each 
variable may be obtained from the authors by 
request. 

COMPARISON BETWEEN INTUITIVE AND NUMERICAL CLASSIFICATIONS 

The results of the PCA (fig. 44) are generally 
similar to the results obtained using an intui- 
tive approach (see list on p. 10). Caryobruchus 
gleditsiae (Pachymerinae) and Amhlycerus 

acapidcensis (Amblycerinae) did not cluster 
together or with any other groups as would be 
expected (fig. 44). What was probably most in- 
structive was that Mimosestes protractiis, 
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Stator limbatus, S. pruininus, S. pygidialiSy 
SLïidZabrotes subfasciatus clustered at such a 
great distance from the other species. These 
five species were classified close to each other 
in the list on page 10 so both classifications are 
similar in this respect. 

The other cluster in figure 44 is composed of 
groups 3, 4, and 5. The major differences be- 
tween the PGA results and the results of the 
inituitive approach in this cluster are with 
Mimosestes amicus (No. 12), Acanthoscelides 
prosopoides (No. 8), and Sennius morosus (No. 

16). M. amicus clusters very close to Acanthos- 
celides aureolus, with results quite different 
from our "intuitive'' groups (p. 10). 

A. prosopoides is somewhat distant from 
other members of group 3 when subjected to 
the PGA. S. morosus is rather distant from 
others in the cluster, not matching results in 
our *4ntuitive" groups (p. 10). It was pointed 
out earlier, however, thatS. morosus was not 
very closely related to other species in the 
study, so this is not especially surprising. 

GENERAL DESCRIPTION OF FIRST INSTAR BRUCHID LARVAE 

The following description is adapted from 
Prevett (1971), Parenthetical comments are 
ours. 

Form: (fig. 1) (cyphosomatic) . . . with 
thoracic segments larger than those of abdo- 
men; (abdominal segments tapering to a mi- 
nute tenth segment); cuticle white or yellow- 
ish, not sclerotized except on (8th and 9th ab- 
dominal tergites in Acanthoscelides obtectus) 
. . ., dorsum of prothorax . . . with scelor- 
tized, usually (H-shaped prothoracic) plate; 
cuticle . . . bearing well defined series of long 
and short setae, designated primary and sec- 
ondary setae (respectively). 

Head: deeply retracted into prothorax, 
elongate oval, occipital foramen very large, 
ventral, divided at about anterior third by ten- 
torial bridge, often uniformly sclerotized,. . . 
frontal and (coronal) sutures distinct, frons 
bearing four pairs of setae and, usually, a pair 
of median sensillae, vertex without setae, 
sometimes with a pair of dorsolateral sensil- 
lae; antenna (fig. 23, P) completely enclosed by 
frontal piece, two-segmented, (quadrate basal 
segment supporting one or more short, stout 
spines and conical sensillae; distal segment 
deeply cleft, forming two elongate lobes, long, 
tactile seta at distal end of shorter lobe); one 
pair of ocelli; clypeus (fig. 23, Q) largely 
(sclerotized) . . ., bearing one or two setae 
and, usually, a sensillum on either side; lab- 
rum (fig. 23, Q) usually narrower than clypeus 
. . .(distalend broadly ovate; two to five broad 
setae with anteriorly deflected tips ahned 
near distal end; centered behind, and, on occa- 
sions, within an arc of the previous setae, are 

two elongate, pointed, sensory setae; one pair 
of elongate, pointed, sensory setae near 
mediolateral and proximolateral border; sen- 
sory pore located mesad of proximal setal 
pair); epipharynx bearing many fine lateral 
setae extending from tormae to front margin, 
diverging in front, two pairs of centrally 
placed stout setae and, sometimes, a long seta 
on either side, situated among fine lateral 
setae towards front margin; mandibles heav- 
ily sclerotized, normally short, simple, with 
rounded distal edge, cutting edge gouge-hke, 
mola absent; maxilla with small cardo, well- 
developed stipes and palpifer which bears a 
one- to three-segmented maxillary palp and 
single, outer, mala, cardo sometimes bearing a 
seta, stipes with variable number of long setae 
on membranous area and sometimes a minute 
seta on sclerotized ring near insertion of pal- 
pifer, palpifer bearing variable number of 
setae on membranous area or one or two setae 
on sclerotized ring, palp with up to four as- 
sociated setae . . .; labium (fig. 23, R) (com- 
posed of fused submentum and mentum; 
single sclerotized plate, with bifid tip, located 
medially; one short seta near proximolateral 
border of plate; one pair of elongate setae lo- 
cated mediolaterally in membranous portion 
of labium). 

Thorax: membranous, except for a 
sclerotized (H-shaped plate with) . . . 
backwardly projecting teeth on (median and) 
posterior (arms: fig. 1, A); mesothorax and 
metathorax larger in circumference than 
prothorax and with tergum divided into two 
folds (prodorsum and postdorsum); epipleura 
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(and hypopleura) distinct and swollen; sterna 
undivided; (swollen lobelike elevations located 
mesad of thoracic appendages; lobes bearing 
setae and pointed sclerotized plates; 
mesothoracic spiracle on epipleuron or hypo- 
pleuron near mesoprothoracic border). 

Legs: usually present (if absent, replaced 
by short, pointed seta) composed of (two to 
three) segments, anterior pair of legs inserted 
closely together, second and third pairs suc- 
cessively more widely separated (may be of 
subequal or varying lengths and terminate in 
a tarsal complex). 

Abdomen: membranous; segments l-(9) 
with two tergal folds (fig. 1) (pro- and postdor- 

sum); (epipleura and hypopleura distinct); 
sterna undivided, bearing many backwardly 
directed minute spines . . .; spiracles situated 
(in dorsoanterior aspects of epipleuron) of 
segments 1-8; segment 9 (reduced); segment 
10 minute, nipple-shaped, divided into two or 
three equal lobes by transverse or Y-shaped 
anal sulcus; segment one bearing a strongly 
sclerotized (posteriorly directed) spine close to 
spiracle. 

Spiracles: unicameral or bicameral. 

Trachéal system:    with 4-13 pairs of en- 
larged chambers in the main branches. 

KEY TO SOME SPECIES OF FIRST INSTAR BRUCHID LARVAE 

1.    Legs and primary setae absent    2 
Legs and primary setae present    6 

2(1). Elongate, pointed, median tooth on 
posterior arm of prothoracic plate (fig. 22, 
S)    3 

Posterior arm of prothoracic plate lack- 
ing a median, elongate, pointed .tooth  ..    5 

3(2).    Without setae on hypopleuron of 
meso- and metathorax       4 

Seta Qi) on hypopleuron of meso- and 
metathorax (fig. 19)   
 ßtator pruininiis (Horn) 

4(3). Setae u and v on sternum of meso- 
thorax through abdominal segment 7; 
thoracic appendages replaced by lateral 
lobes (fig. 20); e^^ with prominent ante- 
rior, middorsal point (fig. 45, 4)  
 Stator pygidialis (Schaeffer) 

Setae u and v absent on sternum of 
meso- and metathorax; setai^ absent on 
abdominal sterna 1-7; thoracic appen- 
dages replaced by seta K, lateral lobes 
absent; egg convex dorsally  
 Stator limbatus (Horn) 

5(2). Prothoracic plate with posterior, 
median, and anterior arms; five pairs of 
setae on prothorax  
 Mimosestes protractus (Horn) 
Prothoracic plate vestigial, composed 

of two sclerotized teeth projecting above 
integument (fig. 22, T); 15 pairs of setae 
on prothorax  
 ^abrotes subfasciatus (Boheman) 

6(1).    Segment 10 with transverse anal 
aperture       7 

Segment 10 with Y-shaped anal ap- 
erture  19 

7(6).    Legs of subequal lengths    8 
Each pair of legs slightly longer than 

preceding pair or meso- and metathoracic 
legs subequal in length and prothoracic 
legs greatly reduced in length (A. 
baboquivari; fig. 23, B)   12 

8(7). Legs bearing a rounded tarsal com- 
plex (fig. 23, N)     9 

Legs bearing a flattened tarsal com- 
plex (fig. 23, L); large, median tooth on 
posterior arms of prothoracic plate; few 
prothoracic setae; first abdominal ster- 
num lacking setae; ninth abdominal epi- 
and hypopleuron bare  
 Mimosestes amicus (Horn) 

9(8). Setae ^i,^', or X on sternum of abdom- 
inal segments 1-9; seta A on postdorsum 
of abdominal segment 6; sclerotized 
plates on abdominal sterna reduced in 
size 10 

Abdominal sterna without setae and 
possessing numerous, enlarged sclero- 
tized plates; seta A absent on abdominal 
segment 6; seta £' very short on abdom- 
inal segment 6; three setae on distal por- 
tion of proximal leg segment of meso- and 
metathorax; seta 17 on prothorax  
 Sennius morosus (Sharp) 

10(9).    Hyposternal setae absent on meso- 
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and metathorax (fig. 6); seta h on abdom- 
inal segment 9  11 

Hyposternal setae on meso- and meta- 
thorax (fig. 4); seta h absent on abdomi- 
nal segment 9; dorsum of mesothoracic 
and metathoracic segments lacking pri- 
mary setae   
 Acanthoscelides chiricahuae (Fall) 

11(10). Paired setae at base of thoracic 
appendages (fig. 23, E); median arm of 
prothoracic plate bearing two teeth; seta 
A on abdominal segment 1; seta a" on ab- 
dominal segment 2; seta e' absent on ab- 
dominal segments 2-4; seta a' on abdom- 
inal segment 8; seta a" on abdominal 
segment 9  
 Acanthoscelides macrophthalmus 

(Schaeffer) 
Paired setae absent at base of thoracic 

appendages (fig. 23, N); median arm of 
prothoracic plate bearing three or more 
teeth; seta A absent on first abdominal 
segment; seta d' and d" on prodorsum of 
abdominal segment 7; secondary setae 
absent on postdorsum of abdominal seg- 
ment 2; seta £7 absent on abdominal seg- 
ments 2-4  
 Neltumius arizonensis (Schaeffer) 

12(7). Each pair of legs sHghtly longer 
than preceding pair; median arm of 
prothoracic plate with two or more teeth, 
if only one tooth on median arm then 
posterior arm with more than three 
teeth; seta/not on sternum of meso- and 
metathorax  13 

Mesothoracic and metathoracic legs 
subequal in length, prothoracic legs very 
short; median arm of prothoracic plate 
with one tooth, posterior arm with three 
teeth and not expanded laterally; seta/ 
on meso- and metasternum; thoracic 
sterna without sclerotized plates; only 
seta g on abdominal segment 10  
 Acanthoscelides baboquivari Johnson 

13(12). Median arm of prothoracic plate 
with three teeth, posterior arm with 
three or fewer teeth 14 

Median arm with fewer than three 
teeth, posterior arm with more than 
three teeth 15 

14(13).    Seta d' on abdominal prodorsum 8; 
seta a' on postdorsum of abdominal seg- 
ment 9; setsiE on epipleuron of abdomi- 

nal segment 9; secondary seta h only on 
abdominal hypopleuron 9  
 Acanthoscelides aureolus (Horn) 

Seta d' absent on abdominal prodor- 
sum 8; seta a' lacking on postdorsum of 
abdominal segment 9; seta E absent on 
epipleuron of abdominal segment 9; pri- 
mary seta// on abdominal hypopleuron 9 
 Acanthoscelides mixtus (Horn) 

15(13).    Median arm of prothoracic plate 
with two teeth 16 

Median arm of prothoracic plate with 
one tooth 18 

16(15). Prodorsum of abdominal segments 
lacking primary setaD; hypopleuron of 
abdominal segments 1-9 with secondary 
setae only; setae a' and a" on postdorsum 
of abdominal segment 9 17 

Primary seta D on prodorsum of ab- 
dominal segments 2-7; hypopleuron of 
abdominal segments 1-8 with primary 
seta/i; secondary setae a' and a" lacking 
on postdorsum of abdominal segment 9; 
setae d' and d" on prodorsum of abdomi- 
nal segment 8; setae a' anda" on postdor- 
sum of abdominal segments 1-7  
Acanthoscelides prosopoides (Schaeffer) 

17(16). Median tooth on posterior arm of 
prothoracic plate elongate and pointed 
apically ; primary setaA on postdorsum of 
abdominal segment 1; spiracular seta s' 
on abdominal segment 1; seta 17 absent 
on prothoracic sternum    
 Mimosestes sallaei (Sharp) 
Teeth on posterior arm of prothoracic 

plate similar in size; only secondary seta 
a' on postdorsum of first abdominal seg- 
ment; spiracular seta s' absent; seta 17 
on prothoracic sternum; seta A on ab- 
dominal postdorsum 9, at least six times 
longer than seta a'  
 Acanthoselides collusus (Fall) 

18(15). Sclerotized plate on dorsum of ab- 
dominal segments 8 and 9; setae s'y d', 
and A on abdominal segment; spiracle on 
hypopleuron of mesothorax; setae lo- 
cated distally on basal leg segment ap- 
pear elongate and decurved (fig. 23, G) . 
 Acanthoscelides obtectus (Say) 

Schlerotized plates lacking; only seta 
a' on dorsum of abdominal segment 1; 
spiracle in epipleuron of mesothorax; dis- 
tal setae on basal leg segment greatly 
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reduced (fig. 23, /); hypopleuron of ab- 
dominal segment 1 with seta h   
 A.lharobius prosopis (LeConte) 

19(6). Apical end of distal leg segment 
with well developed, immobile claw (fig. 
23, K); leg segments lacking internal 
sclerotized plates; six pairs of setae be- 
tween halves of prothoracic plate; 
prothoracic plate lacking median arms; 
setae Bh'h" on abdominal segments 2-7 

 Caryobruchus gleditsiae (Linnaeus) 
Distal leg segment with elongate, 

fleshy lobe with opposable, flexible, 
sclerotized claw (fig. 23, J); internal 
sclerotized plates evident in leg seg- 
ments; five pairs of setae between halves 
of prothoracic plate; prothoracic plate 
with median arms; abdominal segment 
10 with setae a\ A, and h  
—Amblycerus acapulcensis Kingsolver 

DESCRIPTIONS AND DISCUSSIONS OF LARVAE 

Acanthoscelides aureolus (Horn) 

Summary of chaetotaxy: Table I.'* 
Prothorax (fig. ;^^.—With 10 setae, exclusive 

of those associated with prothoracic plate (fig. 
22, A); seta 12 on elevated portion of integu- 
ment; sternum with few sclerotized plates. 

Prothoracic plate (fig, 22, A),—Median and 
posterior arms with three teeth; posterior arm 
with lateral extension; seta 2 (fig. 22, C) lo- 
cated medially; seta 5 and associated sensory 
pore on mesal border of posterior arm. 

Mesothorax and metathorax (fig» 2),— 
Prodorsum with one seta (d''). Postdorsum with 
one primary (A) and one secondary (a") setae. 
Mesoepipleuron with two setae (£', e'); 
metepipleuron with single secondary seta. 
Hypopleuron lacking setae; spiracle on 
mesohypopleuron. Sternum with two setae (u, 
R)\ few sclerotized plates. 

J-'^Q^ (fig- 23, A).—Two-segmented; each pair 
longer than preceding pair; distal end of sec- 
ond segment with flattened tarsus; pair of 
tactile setae at apical end of basal segment; 
pair of sensory pores at base of meso- and 
metathoracic appendages; single sensory pore 
at base of prothoracic appendage. 

Abdomen (fig. :^^;.—Prodorsa of segments 
1-8 with seta d' only; prodorsum 9 lacking 
setae. Postdorsum of segment 1 with one seta 
(a'); postdorsa 2-8 with primary and secondary 
iß") setae; postdorsum 9 with one primary (A) 
and two secondary (a', a") setae. Dor sum of 
segment 10 with setag^. Spiracular area with- 
out setae; spine on segment 1. Epipleuron of 
segments 1 and 9 with primary setae only; 

segment 2 with seta e' only; remaining epi- 
pleura 3-8 with two setae {E,e'). Hypopleuron of 
segments 1-9 with single seta {h)\ hypopleuron 
10 bare. Sternum of segments 1, 3, and 8 with 
two setae {v,x)] segments 2 and 4-7 with three 
setae {u,v, and x)\ single seta on segments 9 {v) 
and 10 {x). Segment 10 with transverse anal 
aperture. 

Significant characters.—Each pair of legs 
sHghtly longer than preceding pair; median 
and posterior arms of prothoracic plate with 
three teeth; setad' on abdominal prodorsum 8; 
seta a' on postdorsum of abdominal segment 9; 
setaE' on abdominal epipleuron 9; only seta/i 
on abdominal hypopleuron 9. 

Specimens examined.—30. 
Host plants.—Astragalus praelongus Shel- 

don: Arizona. Coconino Co.: 6 mi SW Tuba City 
(Moenave Reservoir), 7 August 1971. Yavapai 
Co.: Junction of Tuzigoot Nati. Mon. and Hwy. 
89, 27 May 1971, 27 June 1971, 17 July 1971.^ 

Glycyrrhiza lepidota (Nutt.): Arizona. 
Coconino Co.: 6 mi SW Tuba City (Moenave 
Reservoir), 19 June 1971. 

Biological notes.—Larvae were collected 
from the seeds of G. lepidota (Nutt.), but about 
95 percent were from Astragalus praelongus 
Sheldon. The pods of A. praelongus possess 
thick walls that are fleshy when immature and 
become woody upon maturation (Kearney and 
Peebles, 1969). The pods are only partially de- 
hiscent, and many seeds are retained within 
the dehisced pod. Bruchid females apparently 
enter the partially dehisced pod and oviposit 
one to several eggs on each seed. The eggs are 
secured to the seed surface by a broad. 

'^All tables appear in the Appendix, beginning on p. 69. 
5 Seeds were collected by G. S. Pfaffenberger unless 

otherwise designated. 
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peripheral band of mucilage, which is much 
wider at the broad or anterior end of the egg. 
This is perhaps necessary to increase the re- 
sistance needed by the larva as it probably 
relies upon the egg chorion for purchase in 
boring into the seed. 

Acanthoscelides aureolus does not appear to 
prefer any particular stage of seed develop- 
ment because first instars were obtained from 
seeds in which initial cotyledon development 
had not occurred. However, most of the larvae 
were collected from fully mature seeds. 
Females appear to be consistent as to where 
they oviposit the eggs (fig. 45, ID). 

After entering the seed, the first instar bur- 
rows the short distance through the cotyledon 
and into the seedcoat tissue (fig. 45, IE*). The 
larva feeds on this tissue throughout the first 
and part of the second instars, then it begins to 
feed on the cotyledons. The larva, with its dor- 
sum resting on seedcoat tissue and its venter 
facing the cotyledons, feeds in semicircular 
movements. The larva devours the seed leaf 
tissue until contact is made with the seed in- 
tegument (fig. 45, lA), Usually, when this hap- 
pens, only the small end fragments of the 
cotyledons remain (fig. 45, IC), and packed 
tightly at one end of the chamber formed by 
feeding are exuviae, which have been shed at 
previous molts. 

The larva is usually in the latter stages of 
the fourth instar when the cotyledons have 
been consumed. It then gnaws a circular 
groove on the inside of the seed integument, 
forming a concentric line of weakness around 
an operculum. The larva then rotates 180°, 
coming to rest with its venter upon the rem- 
nants of the seedcoat tissue. The prepupal 
molt occurs within this chamber. After molt- 
ing, the adult finishes chewing around the 
operculum and pushes it outward, leaving a 
hole through which the adult emerges. 

Although numerous seeds were found with 
several eggs and larval entry holes on their 
surfaces, when the seed contents were exam- 
ined only one larva could be found. Can- 
nibalism apparently occurs because we ob- 
served a late instar larva consuming an ear- 
lier instar. 

Discussion,—A, aureolus is more closely re- 
lated to A. mixtus than to other members of 

the complex (see discussion of A. baboquivari). 
Their prothoracic plates are identical (except 
for a slight posterolateral extension of the 
posterior arms of A. aureolus), and both 
species infest closely related host plants (A. 
aureolus infests Astragalus praelongus and A. 
mixtus infests Astragalus wootoni). 

These two species are easily distinguished 
by the setae A, a', a" on the postdorsum of 
abdominal segment 9, and the secondary seta 
on abdominal hypopleuron 9, of A. aureolus 
(primary seta(i/) on abdominal hypopleuron 9, 
of A. mixtus) (figs. 24 and 29). 

Because of similarities of the prothoracic 
plates of A. aureolus and A. mixtus to 
Kunhikannan's (1923) drawing of "Mylabris 
nigrinus,'' we feel that he had misidentified 
specimens of Bruchidae and that he actually 
studied either one or both of these species of 
Acanthoscelides. This is even more probable 
because "M. nigrinus^' is known to feed only in 
the seeds of Cassia, not Astragalus (Johnson 
and Kingsolver, 1978). 

For additional distinguishing characters of 
A. aureolus, see the characters in the key 
(p. 20). 

Acanthoscelides baboquivari Johnson 

Summary of chaetotaxy:    Table 2. 
Prothorax (fig. 3).—With 10 setae, exclusive 

of those associated with prothoracic plate (fig. 
22, B); sternum lacking sclerotized plates. 

Prothoracic plate (fig. 22, ß).—Median arm 
with one tooth, posterior arm with three teeth; 
median and posterior arms short, anterior 
arms elongate; seta 5 (fig. 22, C) and sensory 
pore on posterior arm near mesal border. 

Mesothorax and metathorax.—Prodorsum 
without setae. Postdorsum with three setae 
(A, a', a"). Mesoepipleuron with primary {E) 
and secondary ie'); single seta {e') on metepi- 
pleuron. Hypopleuron lacking setae; spiracle 
on mesohypopleuron. Sternum with three 
setae (u,/, R); sclerotized plates absent. 

Legs (fig. 23, B).—Two-segmented; 
mesothoracic and metathoracic appendages 
subequal in length, prothoracic appendages 
greatly reduced in length; distal end of second 
segment with rounded tarsus; pair of tactile 
setae at distal end of basal segment; pair of 
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sensory pores located basally on proximal 
segment. 

Abdomen (fig. 25).—Pr odor sum of segments 
1-8 with single seta (d'); prodorsum 9 without 
seta(e). Postdorsum of segments 1-8 with pri- 
mary and secondary (a") setae; postdorsum 9 
with one primary (A) and two secondary (a', a") 
setae. Dorsum of segment 10 with seta g. 
Spiracular area of segment 8 with numerous 
small elevations; setae absent; spine on seg- 
ment 1. Hypopleuron of segments 1-9 with one 
seta (h); hypopleuron 10 without setae. Ster- 
num of segments 1-8 with two setae; one seta 
(v) on sternum 9; sternum 10 without setae; 
sclerotized plates absent. Segment 10 with 
transverse anal aperture. 

Significant characters.—Meso- and meta- 
thoracic legs subequal in length, prothoracic 
legs greatly reduced in length; median arm of 
prothoracic plate with one tooth, posterior 
arm with three teeth, not laterally expanded; 
seta/on meso- and metasternum; sclerotized 
plates absent on thoracic sterna. 

Specimens examined.—11. 
Host plants.—Indigofera sphaerocarpa 

Gray: Arizona. Pima Co.: Kitt Peak, 5 October 
1972. Cochise Co.: Miller Cyn., Huachuca Mts., 
6 October 1972 (both C. D. Johnson). 

Biological notes.—For information concern- 
ing ecology and behavior, see Johnson (197i). 

Discussion.—We recognize Acanthoscelides 
baboquivari as a species belonging to a group 
that includes A. aureolus, A. mixtuSy A. col- 
lusus, A. prosopoideSy A. obtectus, and Al- 
garobius prosopis. These species share: (1) 8 to 
10 pairs of setae on the prothorax, exclusive of 
those associated with the prothoracic plate ; (2) 
the gross morphology of the prothoracic plate 
and associated setal arrangement are similar; 
(3) bare hypopleural regions of meso- and 
metathorax (except A. prosopoides), setae (//, 
h) on mesohypopleuron; (4) each pair of legs 
longer than preceding pair (except A. 
baboquivari) each possessing a pair of tactile 
setae at distal end of basal leg segment; (5) 
absence of seta s' (except A. obtectus, first ab- 
dominal segment); (6) epipleural chaetotaxy of 
thorax and abdomen (setae £* and e' absent on 
mesoepipleuron of A. prosopoides), setaE ab- 
sent on abdominal segment 9 of A. mixtus; 
and (7) hypopleuron 10 either absent (A. obtec- 
tus) or without setae. 

On the basis of larval morphology and be- 
havior and ovipositional behavior, we have di- 
vided this group into two subgroups. What we 
consider to be the more advanced subgroup 
includes A. baboquivari, A. aureolus, A. mix- 
tus, and A. collusus. In this subgroup, the 
gross morphology of the prothoracic plate is 
quite similar as is the hypopleural chaetotaxy 
(primary setae absent) and numbers of setal 
pairs (10 pairs, excluding those associated 
with prothoracic plate) on the prothorax. A. 
mixtus differs slightly by possessing setaff on 
abdominal segment 9 and nine pairs of setae 
on the prothorax, other than those associated 
with the prothoracic plate. The larvae of these 
species are the only members of the complex to 
enter the pod or seed upon eclosión. According 
to Center,^A. collusus may wander over the 
pod surface of Errazurizia rotundata before 
penetration, behavior typical of members of 
the other subgroup. Egg-laying behavior of 
adults of the first subgroup probably repre- 
sents a more advanced condition (Bridwell, 
1918; Center and Johnson, 197i; Zacher, 1930) 
in that the eggs are cemented to the pod or 
seed surface. 

Members of the second subgroup (Acanthos- 
celides prosopoides, A. obtectus, and Al- 
garobius prosopis) differ from the first sub- 
group in that they either possess or express a 
number of what we consider to be primitive 
characters. The secondary hypopleural setae 
of the first group have mostly been replaced by 
primary setae (abdominal segments 1-9, ex- 
cept the first segment of A. prosopis). The pri- 
mary setae are of greater length than those of 
the first subgroup. Moreover, the eggs are not 
cemented to the pod or seed surface as they are 
in the first subgroup, and the first instar wan- 
ders over the pod or seed surface after eclosión 
and before penetration. The eggs of A. pro- 
sopoides are cemented only near the center, 
whereas the ends remain unattached (Foris- 
ter and Johnson, 1971). This may represent a 
transitional form of egg-laying behavior in- 
termediate to that of the first subgroup and 

^CENTER, T. D. A SURVEY OF SOME LEGUME SEED- 
FEEDING INSECTS OF NORTHERN ARIZONA WITH NOTES ON 
THE LIFE HISTORIES OF THE BRUCHIDAE(COLEOPTERA). 
Unpub. Master's thesis. Northern Arizona University. 
157 pp. 1971. 
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that of the remaining members of the second 
subgroup. The ovipositional behavior ofAcan- 
thoscelides obtectus and Algarobius prosopis is 
thought to be most primitive (Bridwell, 1918) 
because the eggs are not cemented but are 
oviposited in cracks, crevices, or holes in the 
pod or seed surface (Center and Johnson, 197^ ; 
Zsicher, 1930), 

First instars of Acanthoscelides baboquivari 
are easily recognized by the arrangement of 
the teeth on the prothoracic plate (one tooth 
on each median arm and three teeth on each 
posterior arm). The only other members of this 
complex to possess a single tooth on each me- 
dian arm (Acanthoscelides obtectus and Al- 
garobius prosopis) belong to the second sub- 
group. A. baboquivari can be easily separated 
from these species by relative length of pri- 
mary setae, development of legs, and number 
of teeth appearing on posterior arm of 
prothoracic plate. 

Acanthoscelides chiricahuae (Fall) 

Summary of chaetotaxy:    Table 3. 
Prothorax (fig. U)-—With nine setae, exclud- 

ing those associated with prothoracic plate 
(fig. 22, C); three horizontal rows of sclerotized 
plates on sternum. 

Prothoracic plate (fig. 22, C^.—Median arms 
with two or three teeth; posterior arms with 
four irregularly shaped teeth; seta 5 (fig. 22, C) 
on median border of posterior arm; distal end 
of posterior arm with slight lateral expansion; 
seta 2 (fig. 22, C) in line with setae 1 and 3; 
anterior arms narrow and elongate. 

Mesothorax and metathorax (fig, i)- — 
Prodorsum lacking setae. Postdorsum with 
single seta (a"). Epipleuron with two setae (E, 
e'). Mesohypopleuron with one seta {H) and 
spiracle; several bumps on anterodorsal bor- 
der of spiracle; metahypopleuron with pri- 
mary and secondary Qi) setae. Sternum with 
two setae {u, R); numerous, irregular rows of 
sclerotized plates. 

Legs (fig. 23, C).—Two-segmented, subequal 
in length; apical end of distal segment forming 
rounded tarsus; pair of tactile setae located 
distally on basal segment. 

Abdomen (fig. 26).—Prodorsum of segments 
1-9 with single seta (d'); seta d' on segments 
1-5 with closely associated sensory pore. Post- 

dorsum of segment 1 with primary (A) and two 
secondary {a', a") setae A, a" closely as- 
sociated, near tergo-pleural border; segments 
2-9 with two setae (A, a"). Dorsum of segment 
10 with seta fir. Spiracular areas lacking setae; 
spine on first segment. Epipleuron of seg- 
ments 1 and 9 with primary setae only; seg- 
ments 2-5 with secondary setae only; seg- 
ments 6-8 with primary {E) and secondary {e') 
setae. Hypopleuron of segments 1-8 with seta 
h only; hypopleura 9 and 10 bare. Sternum of 
segments 1 {u,x), 2-5 {u,v), and 9 {u,v) with two 
setae; segments 6-8 and 10 with seta u\ nu- 
merous sclerotized plates on segments 1-8. 
Segment 10 with transverse anal aperture. 

Significant characters.—Legs of subequal 
length and possessing a rounded tarsal com- 
plex; setae Ü, v, OYX on sternum of abdominal 
segments 1-9; seta A on postdorsum of abdom- 
inal segment 6; hyposternal setae on meso- 
and metathorax. 

Specimens examined.—6. 
Host plants.—Mimosa biuncifera Benth.: 

Arizona. Yavapai Co.: Verde Valley, fall 1972 
(G. W. Forister). 

Biological notes.—See Forister"^ for infor- 
mation on behavior of adult and first instar, 
e^^ characteristics, developmental time, and 
parasitism. As reported by Forister (1970), it 
was not uncommon to observe eclosión 
through the dorsoanterior end of the chorion. 

The mucilage used to cement the egg to the 
pod surface or seed test appeared either as a 
broad band or as filaments encircling the egg. 
On numerous occasions, we observed several 
to many eggs glued together in a single mass 
on the seed surface. 

The first instar most commonly began feed- 
ing on or near the hypocotyl, then it began 
consuming the cotyledons. The entire con- 
tents of the seed were consumed before pupa- 
tion occurred. The adult escaped through a 
small circular exit hole in the side of the seed. 

Discussion.—Acanthoscelides chiricahuae 
resembles Neltumius arizonensis because 
both species possess legs of subequal lengths, 
and the tip of the distal segment is rounded. 
Also, upon eclosión, both species may bore di- 

^ FORISTER, G. W. BIONOMICS AND ECOLOGY OF 11 
SPECIES OF BRUCHIDAE (COLEÓPTERA). Unpub. Master's 
thesis. Northern Arizona University. 93 pp. 1970. 
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rectly into the pod from the egg or they may 
exit through the anterior end of the egg and 
crawl beneath the egg chorion, using it as a 
brace. The ability to behave both ways is 
unique to these two species. Usually, however, 
both species bore directly into the seed from 
the egg. 

A, chiricahuae possesses a prothoracic plate 
with a distinct shape (fig. 22, C) and also differs 
remarkably in its chaetotaxy from N, 
arizonensis.Mimosa biuncifera, the host plant 
of this species, is also different from the host 
plant of A^. arizonensis. Because of these fun- 
damental differences, we feel that A. 
chiricahuae occupies a distinct phylogenetic 
group. 

Although the drawings of the prothoracic 
plate of ^^Mylabris pauperculus^* by Kunhi- 
kannan (1923) are not as detailed as ours, 
it is very likely that he dealt with A. chirica- 
huae, not A. pauperculus. We believe this 
to be true because of the obvious similarities 
in the prothoracic plates and because Mimosa 
biuncifera is not known to be a host of A. 
pauperculus (Johnson, 1970). 

Acanthoscelides collusus (Fall) 

Summary of chaetotaxy: Table 4. 
Prothorax (fig. 5).—With 10 setae exclusive 

of those associated with the prothoracic plate 
(fig. 22, Dy, sternum with sclerotized plates of 
differing sizes; smaller plates scarce, located 
anteriorly; larger plates more numerous, lo- 
cated medially on sternum. 

Prothoracic plate (fig. 22, D).—Median arm 
with two teeth, posterior arm with five teeth; 
seta 2 (fig. 22, C) located centromedially; seta 3 
bordering anterior base of median arm; seta 5 
and associated sensory pore on medial border 
of posterior arm; medial border of posterior 
arm straight, lateral border extended lat- 
erally; four pairs of setae between anterior 
arms. 

Mesothorax and metathorax (fig. 5).— 
Prodorsum with primary (D) and two second- 
ary (d', d") setae. Postdorsum lacking setae. 
Mesoepipleuron with two setae (E, e'); single 
seta (e') on metepipleuron. Mesohypopleuron 
with spiracle; metahypopleuron bare. Ster- 
num with two setae (u, R); few sclerotized 
plates. 

Legs (fig. 28, D).—Two-segmented, each 
pair longer than preceding pair; distal seg- 
ment bearing flattened tarsus; pair of tactile 
setae at distal end of basal segment; sensory 
pore between base of tactile setae on 
mesothoracic appendage; pair of sensory 
pores at base of each appendage; basal seg- 
ment of metathoracic appendage with medial 
sensory pore on anterior margin. 

Abdomen (fig. 27).—Prodorsum of segments 
1-8 with single seta (d'); prodorsum 9 without 
setae. Postdorsum of segment 1 with seta a' 
only; postdorsa 2-8 with two setae (A, a"); 
postdorsum 9 with primary (A) and two sec- 
ondary (a\ a") setae. Dorsum of segment 10 
with seta g. Spiracular areas without setae; 
spine on segment 1. Epipleuron of segments 1 
and 9 with primary setae only ; segment 2 with 
single seta (e')\ remaining epipleura with two 
setae (JF, e'). Hypopleuron of segments 1-9 with 
secondary seta (h) only; hypopleuron 10 lack- 
ing setae. Sternum of segments 1-7 with three 
setae; two setae (v, x) on segment 8; segments 9 
and 10 with one seta each (x and v, respec- 
tively); sclerotized plates absent on segment 
10, rare on segments 1-6; sclerotized plates 
more numerous on segments 7-9, appearing in 
one or two lateral rows. Segment 10 with 
transverse anal aperture. 

Significant characters.—Each pair of legs 
exceeding length of preceding pair, tarsal 
complex flattened; seta Z) absent on abdomi- 
nal prodorsa; hypopleuron of segments 1-9 
with secondary setae only; abdominal post- 
dorsum 9 with two secondary setae (a', a"); 
teeth on posterior arm of prothoracic plate 
similar in size and shape; only seta a' on first 
abdominal postdorsum; spiracular seta (s') 
absent. 

Specimens examined.—32. 
Host plants.—Parry ella filifolia Torr, and 

Gray: Arizona. Coconino Co.: 6 mi SW Tuba 
City (Moenave Reservoir), 7 August 1971. 

Biological notes.—Bionomics, host plants, 
developmental period, percentage infestation, 
and possible evolution of traits by the plant to 
avoid predator satiation are discussed by Cen- 
ter.^ We found a marked preference by the first 
and early second instars for the endosperm 
tissue. After seed penetration, the larva feeds 

^See footnote 6. 
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upon and moves through the endosperm. Dur- 
ing the latter part of the second stadium, the 
larva begins feeding on the cotyledons. The 
larva gnaws a circular hole in the center of one 
cotyledon before feeding on the second cotyle- 
don. Occasionally, two and sometimes three 
larvae were found within the same seed. Be- 
cause only one adult usually emerges from a 
seed, cannibalism probably occurs. 

Discussion,—The prothoracic plates of 
Acanthoscelides collusus and A. prosopoides 
(fig. 22, H) are more similar to each other than 
to other members of the complex mentioned in 
the discussion of A. baboquivari. The ar- 
rangement of teeth on the prothoracic plate is 
similar as is the arrangement of the associated 
setae. A. collusus possesses two more pairs of 
setae on the prothorax and only secondary 
setae on the hypopleural regions of the abdom- 
inal segments. They also differ in their larval 
and egg-laying behavior (see discussion of A. 
baboquivari). 

The species treated as ''Mylabris hornV by 
Kunhikannan (1923) may actually have been 
Acanthoscelides collusus. There is a distinct 
resemblance between the prothoracic plates, 
and A. collusus is known to feed in Amorpha 
fruticosa, the seeds from which Kunhikannan 
reared his specimens. '^M, hornV is now a 
synonym of Acanthoscelides submuticus 
(Sharp) (Johnson, 1970), Unfortunately, we 
were unable to obtain specimens of A. sub- 
muticus, a species that also feeds in Amorpha 
fruticosa, 

Acanthoscelides macrophthalmus 
(Schaeffer) 

Summary of chaetotaxy: Table 5. 
Prothorax (fig, 6),—With nine setae, exclu- 

sive of those associated with prothoracic plate 
(fig. 22,£7); sternum lacking sclerotized plates. 

Prothoracic plate (fig, 22, E),—Median arms 
with two teeth; broad posterior arms with 
seven teeth, median tooth elongate, remain- 
ing teeth of subequal size; seta 2 (fig. 22, C) 
located medially; seta 5 within plate of pos- 
terior arm; laterodistal area of posterior arm 
extended laterally. 

Mesothorax and metathorax (fig- 6),— 
Prodorsum with primary (D) and two second- 
ary (d', d") setae; sensory pore closely as- 

sociated with seta d', Postdorsum without 
setae. Mesoepipleuron with two setae {E, e'); 
single seta (6 0 on metepipleuron. Hypopleuron 
lacking setae; spiracle on mesohypopleuron. 
Sternum of mesothorax with two setae (U, R); 
metasternum with one seta (R); sclerotized 
plates of different types, sizes, and distribu- 
tions. 

Legs (fig, 23, i/).—Two-segmented; subequal 
in size; apical end of distal segment forming 
rounded tarsus; pair of tactile setae at proxi- 
mal end of basal segment; first and third ap- 
pendage pairs with pair of tactile setae at dis- 
tal end of basal segment; second appendage 
pair with one seta at apical end of basal seg- 
ment. 

Abdomen (fig, ^^J.—Prodorsum of segments 
1 through 7 with single seta (d'); seta d' with 
closely associated sensory pore on segments 
1-5; prodorsa 8 and 9 without setae. Postdor- 
sum of segment one with single seta (A); setae 
A, a" on segments 2-7; postdorsum of seg- 
ments 8 and 9 with three setae (A, a', a"). Dor- 
sum of segment 10 with seta^r. Spiracular area 
of segments 2-8 with small, pointed, 
sclerotized projections; setas' at base of spine 
on segment 1. Epipleuron of segments 1 and 9 
with setaJS' only; segments 2-4 without setae; 
remaining segments 5-8 with two (E, e') setae. 
Hypopleuron of segments 1-10 with one sec- 
ondary seta. Sternum of segments 1-8 with 
three setae (a, v, x)', setat; on sternum 9; setae 
lacking on segment 10; numerous sclerotized 
plates on all sterna; plates appear larger on 
segments 1-4 and 10 than on remaining 
sterna. Segment 10 with transverse anal aper- 
ture. 

Significant characters,—Legs of subequal 
length and possessing rounded tarsal com- 
plex; median arm of prothoracic plate with two 
teeth; only seta A on first abdominal postdor- 
sum; single, elongate tooth on median edge of 
posterior arms of prothoracic plate. 

Specimens examined,—26. 
Host plants,—Leucaena glauca (Linnaeus): 

Mexico: 2 mi SW Guaymas, Sonora, 13 March 
1973 (C. D. Johnson). 

Biological notes,—^The oval eggs are usually 
laid individually upon the surface of the pod. 
They are cemented to the pod surface by what 
appears to be partially fused, elongate strands 
of mucilage. These strands are longer and 
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most highly concentrated at the anterior or 
enlarged end of the egg and only a few, short 
strands appear at the posterior end. The mid- 
dle of the egg appears to be nearly devoid of 
these strands. On numerous occasions, we ob- 
served clusters of eggs in old exit holes. 

The first instar penetrates the pod directly 
from the egg and consumes the entire contents 
of a single seed. 

Discussion,—We consider Acanthoscelides 
macrophthalmus to be a member of a group 
that includes Mimosestes amicus and M. sal- 
laei. In all three species, the prothoracic plates 
and associated setal arrangements are simi- 
lar; all possess two teeth on the median arms 
and an elongate, pointed, median tooth sub- 
tended by six or seven short, rounded teeth on 
the posterior arms. The chaetotaxy on the 
epipleural and hypopleural regions of the 
mesothorax and metathorax and most abdom- 
inal segments, excepting some intrasegmen- 
tal areas (that is, first abdominal spiracular 
areas and abdominal epipleura 2-5), is quite 
similar. 

The three species differ, however, in the ap- 
pearance of their thoracic appendages, host 
plants, larval behavior, and chaetotaxy of the 
prothorax (M, amicus) and meso- and 
metathoracic tergites (A. macrophthalmus). 
There is a gradation from primitive to a de- 
rived condition in this group in the degree of 
development of the legs and the appearance of 
the foot apparatus. 

The legs of A. m^acrophthalmus are of sub- 
equal lengths, and upon eclosión the first in- 
star bores directly into the pod of Leucaena 
glauca. The first and second pairs of appen- 
dages possess a rounded tarsus, whereas the 
tip of the distal segment of the metathoracic 
appendages (fig. 2S,E) appears to represent a 
morphological condition intermediate of that 
expressed by the rounded tarsus (figs. 23, C; 
25, N and O) and the flattened tarsus of M. 
am^icus (fig. 23, L), This condition may repre- 
sent mosaic regression within this species. 
Thus, this species may likely be in a stage of 
transition from a species that possesses a flat- 
tened tarsus and wanders over the pod or seed 
surface before entrance (primitive; Mac- 
Swain, 1956) to one that possesses a rounded 
tarsus and penetrates the pod or seed directly 
upon eclosión (more advanced). 

The legs of M. amicus (fig. 23, L) are also of 
subequal lengths but possess a flattened distal 
tip, which would seem more conducive to 
locomotion. The first instar most frequently 
penetrates the pod of Prosopis juliflora di- 
rectly upon eclosión but may also exit through 
the anterior end of the egg and crawl beneath 
the egg chorion, using it for purchase. This 
combination of morphological and behavioral 
characters probably represents a more primi- 
tive condition than that of A. m^acrophthalmus. 

The legs of Mim^osestes sallaei (fig. 23,M) are 
much better developed, being longer, of vary- 
ing lengths and possessing a flattened tarsus. 
All of these features apparently contribute to 
more effective locomotion and pod penetra- 
tion. This species may burrow directly from 
the egg into the pod of Acacia farnesiana (C. D. 
Johnson, unpublished data) or other host 
plants, or it may exit through the anterior end 
of the egg and walk over the pod surface before 
penetration (Kunhikannan, 192S), The advan- 
tages associated with legs in which the length 
of one pair is exceeded by the length of the 
succeeding pair is best described by 
Kunhikannan (1923) in his description of a 
primitive species, Acanthoscelides obtectus, 

Acanthoscelides mixtus (Horn) 

Summary of chaetotaxy: Table 6. 
Prothorax (fig, 7),—With nine setae, exclud- 

ing those associated with the prothoracic plate 
(fig. 22, F); sternum with few sclerotized 
plates. 

Prothoracic plate (fig, 22, F),—Median and 
posterior arms with three teeth; sides of pos- 
terior arms subparallel; median arms promi- 
nent; seta 2 (fig. 22, C) located medially; seta 5 
and associated sensory pore located mesad of 
medial border of posterior arm; length of an- 
terior and posterior arms subequal. 

Mesothorax and metathorax (fig, 7),— 
Prodorsum with one seta {d'), Postdorsum 
with single primary and secondary {a") setae. 
Mesoepipleuron with two setae {E, e'); 
metepipleuron with one secondary seta (e'), 
Mesohypopleuron asetiferous, spiracle present; 
metahypopleuron bare. Sternum with two 
setae (u,R); sclerotized plates few and appear- 
ing in three rows. 

Legs (fig, 23, F).—^Two-segmented; each pair 
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longer than preceding pair; distal segment 
with flattened tarsus; pair of tactile setae lo- 
cated distally on basal segment; pair of sen- 
sory pores appearing proximally on basal 
segment. 

Abdomen (fig, 29),—Prodorsum of segments 
1-7 with single seta (d'); remaining prodorsa 
without setae. Postdorsum of first abdominal 
segment with single secondary seta (a"); setae 
A and a' on postdorsum of segments 2-9. Dor- 
sum of segment 10 with setagr. Spiracular area 
lacking setae, spine on segment 1. Epipleuron 
of segment 1 with a primary seta; seta e' on 
segment 2; segments 3-8 with two setae {E,e')\ 
epipleuron 9 without setae. Hypopleuron of 
segments 1-8 with single seta {h)\ segment 9 
with primary seta only; segment 10 without 
setae. Sternum of segments 1-7 with three 
setae {u, v, x); two setae {u, x) on segment 8; 
segments 9 and 10 with one seta each {v and x, 
respectively); sclerotized plates sparse, usu- 
ally in one or two lateral rows. Segment 10 
with transverse anal aperture. 

Significant characters,—Each pair of legs 
slightly longer than preceding pair; median 
and posterior arms of prothoracic plate with 
three teeth; posterior arms of prothoracic 
plate not expanded laterally; setad' absent on 
abdominal prodorsum 8; abdominal segment 9 
lacking seta E on epipleuron and seta a' on 
postdorsum; seta H on abdominal hypo- 
pleuron 9. 

Specimens examined,—17. 
Host plants,—Astragalus wootoni Sheldon: 

Arizona. Yavapai Co.: 9 mi S Sedona, 19 June 
1971, 27 June 1971, 17 July 1971. Junction of 
Tuzigoot Nati. Mon. and Hwy. 89,27 May 1971, 
19 June 1971, 27 June 1971. 

Biological notes,—See Johnson (1970) for a 
list of known host plants. All the larvae used in 
this study were obtained from the seeds of A. 
wootoni (fig. 45,2). The pods, when mature, are 
approximately 20 to 25 mm in length and 10 to 
15 mm wide. They possess membranous walls 
and are indéhiscent. The ovules are attached 
by a funiculus (fig. 45, 2D) to the midrib of the 
ovary. Because no eggs were observed upon 
the seeds or within the pod, we assume that 
the female oviposits upon the pod surface. 
Numerous holes were observed in the 
pericarp. In older pods, the holes were very 

evident, however, as some pod walls possessed 
small, transparent, membrane-covered holes. 
Apparently, oviposition and larval penetra- 
tion may occur on growing or immature pods, 
because new growth of the pericarp has 
obscured the larval entrance hole. 

After the larva has entered the pod, it nor- 
mally wanders a considerable distance before 
ascending a funiculus to reach the seed. The 
seeds are suspended approximately 1.0 to 1.5 
mm away from the midrib and the pod wall. 
Consequently, the larva must climb the stalk 
or funiculus to reach the seed. After the larva 
has ascended to the seed, it wedges itself be- 
tween the distal end of the funiculus and that 
portion of the seed integument that conceals 
the distal end of the radicle (Kopooshian and 
Isely, 1966; fig. 45, 2D, and C), As a means of 
gaining purchase, the larva wedges the 
prothoracic plate against the surface of the 
funiculus. The pressure on the mandibles ap- 
parently facilitates penetration of the seed in- 
tegument. Once inside, the larva burrows the 
length of the radicle (fig. 45, 2B) and then ab- 
ruptly alters its course 180° and burrows along 
the base of the cotyledons until it reaches an 
area near the hilum (fig. 45, 2E), When the 
larva reaches this area it usually is in its sec- 
ond stadium. Immediately, it begins to gnaw a 
chamber large enough to enable it to rotate 
180°. With its dorsum adjacent to the hilum, it 
begins feeding in semicircular movements 
until contact is made with the surface of the 
seed integument. Prior to pupation, the larva 
again undergoes a 180° rotation, coming to rest 
with its venter upon the hilum. The larva then 
partially gnaws through the seed integu- 
ment in a circular manner, providing an oper- 
culum in the integument through which the 
adult makes its escape. 

Most of the time, one complete exuvia and 
sclerotized portions of earlier exuviae were 
found tightly packed at one end of the pupal 
chamber in the seed near the base of the radi- 
cle. It is not known why the radicle is left 
untouched by the developing larva. Perhaps 
noxious chemicals are concentrated in this 
area, because it has been reported that this 
plant causes radical behavior in horses, cattle, 
and sheep (Kearney and Peebles, 1969), After 
pupation, the adult begins chewing around the 
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operculum, pushes out the operculum, and 
emerges from the seed. Because the pod walls 
are thin, the adult easily chews its way out of 
the pod. 

Double and even multiple infestations have 
been observed in these seeds. These are excep- 
tions, however, because most seeds are in- 
fested by a single larva. It is interesting that 
the second and third larvae to enter a seed 
always do so through the same burrow ini- 
tially excavated by the first larva. 

In only one of the several hundred seeds 
that we observed was this behavior different. 
Then a seed was infested by two larvae. One 
had entered as described above, but the other 
had entered the seed near the lens (Kopoo- 
shian and lse\y,1966): fig. 3, A and J5), which is 
a site opposite the base of the funiculus where 
the larvae normally enter (fig. 45, 2C). It is 
unknown how the larva gained sufficient pur- 
chase to penetrate the seed integument. Pos- 
sibly, two seeds were close enough together to 
use one as purchase or perhaps the funiculus 
was bent, thus permitting the seed to rest 
upon the midrib or the pod wall. The larva 
could then gain sufficient purchase by forcing 
the prothoracic plate against any of these. 

Cannibalism definitely occurs among larvae 
of this species. Numerous instances were ob- 
served in which nearly mature larvae had de- 
voured earlier instars or earlier instars were 
feeding upon more mature larvae or a larva 
had eaten its way into the abdomen (through 
the tergum) of an adult. 

Discussion,—See discussion of Acanthos- 
celides aiireolus and A. baboquivari. 

Acanthoscelides obtectus (Say) 

Summary of chaetotaxy:    Table 7. 
Prothorax (fig. 8).—With nine setae, exclu- 

sive of those associated with prothoracic plate 
(fig. 22, G); three small, cuticular lobes near 
median aspects of segment; three horizontal 
rows of sclerotized plates (described as minute 
bristles by Kunhikannan, 1923) on sternum. 

Prothoracic plate (fig, 22, G).—Median arms 
with one tooth (Kunhikannan, iP^^); posterior 
arms with five teeth (four to five teeth of 
Kunhikannan, 1923, and Riley, 1891); teeth 
sub-equal in size; seta 2 (fig. 22, C) near median 
aspects of plate; seta 5 and associated sensory 

pore located medially on base of posterior 
arms; posterior arms broad at base, concealing 
size of median arms. 

Mesothorax and metathorax (fig. 8),— 
Prodorsum with two setae (D, d"), Postdorsum 
with single seta (a'). Mesoepipleuron with 
primary (£') and secondary (e') setae; setae' on 
metepipleuron. Hypopleuron asetiferous; 
mesohypopleuron with spiracle and several 
bordering cuticular projections. Sternum with 
two setae {u, R); many rows of posteriorly di- 
rected sclerotized plates. 

Legs (fig, 23, G),—Two-segmented (three- 
segmented, Riley, i^Pi); each pair longer than 
preceding pair (Kunhikannan, iP^^); long pair 
of decurved setae at distal end of basal seg- 
ment (Kunhikannan, 1923); pair of short tac- 
tile setae near base of proximal segment; dis- 
tal end of second segment forming flattened 
tarsus (lacking tarsal spine shown by Riley, 
1892), 

Abdomen (fig, 30),—Prodorsum of segments 
1-8 with single seta(d') and associated sensory 
pore; prodorsum 9 asetiferous; larger pig- 
mented sclerotized tergal plate on segments 8 
and 9 (plate on tergite 9 by Kunhikannan, 
1923; anal plate by Riley, 1891); tergal plate 9 
with distinct horizontal suture, giving rise to 
pro- and postdorsa. Postdorsum of segment 1 
with single seta (A); postdorsa of segments 2-8 
with two setae (A, a"); postdorsum 9 with three 
setae (A, a', a"), Dorsum of segment 10 with 
seta g, Spiracular area of segments 2-8 
asetiferous; segment 8 with numerous fleshy 
cuticular protuberances near spiracle; setas' 
at posteroventral border of spine on first seg- 
ment. Epipleuron of segments 1 and 9 with 
single seta (E); single seta (e') on second seg- 
ment; segments 3-8 with primary (E) and sec- 
ondary (e') setae. Hypopleuron of segments 
1-8 with primary seta; hypopleuron 9 with 
secondary seta; segment 10 lacking hypo- 
pleural area of integument. Sternum of seg- 
ments 1-8 with three setae (ii, v, x) and many 
small sclerotized plates; sternites 9 and 10 
with seta v, without sclerotized plates (con- 
trary to observations of Kunhikannan, 1923, 
who reported their presence on these seg- 
ments). Segment 10 with transverse anal sul- 
cus. 

Significant characters,—Each pair of legs 
longer than preceding pair; median arm of 
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prothoracic plate with one tooth; sclerotized 
plate on dorsum of abdominal segments 8 and 
9; setas', d', and A on first abdominal seg- 
ment. 

Specimens examined,—26. 
Host plants.—Common beans (see Johnson, 

1970). 
Biological notes,—Because of its economic 

importance, considerable work has been done 
on the life history of A. obtectus. There is vo- 
luminous literature on the biology of this 
species (Chittenden, 1898; Daviault, 1928; 
Howe and Currie, 196i; Johnson, 1970; 
Kunhikannan, 1923; Lepesme, 19JÍ2; Riley, 
1891, 1892; Steffan, 19JÍ5, 19^6; Zacher, 1930, 
1951), 

Discussion,—First instars of A. obtectus 
most closely resemble those of Algarobius pro- 
sopis. Their prothoracic plates, chaetotaxy, 
larval and egg-laying behavior are similar (see 
discussion of Acanthoscelides baboquivari). 

This species possesses some distinguishing 
traits that allow separation from other 
species, that is, the pigmented, sclerotized 
plate on the dorsum of abdominal segments 8 
(previously unrecognized) and 9 and the elon- 
gate, curved tactile setae at the distal end of 
the basal leg segment (Kunhikannan, 1923; 
Riley, 1891,1892), 

For other distinguishing characters, see 
discussion of A. baboquivari, the above signifi- 
cant characters, and the key. 

Acanthoscelides prosopoides (Schaeffer) 

Summary of chaetotaxy: Table 8. 
Prothorax (fig, 9),—With eight setae, aside 

from those associated with prothoracic plate 
(fig. 22, H); numerous sclerotized plates on 
sternum. 

Prothoracic plate (fig, 22, H),—Median arms 
with two teeth, posterior arms with four teeth; 
seta 2 (fig. 22, C) located nearly anterome- 
dially; seta 5 (fíg. 22, C) decurved; posterior 
arms not expanded laterally. 

Mesothorax and metathorax (fig. 9),— 
Prodorsum with primary (D) and two second- 
ary {d', d") setae. Postdorsum lacking setae. 
Mesoepipleuron without setae; metepipleuron 
with single secondary seta {e'). Mesohypo- 
pleuron with spiracle and two setae {H, h); 
metahypopleuron bare. Sternum with pri- 

mary {R) and secondary {u) setae; many large, 
sclerotized plates. 

Legs (fig, 23, H),—^Two-segmented; each pair 
of legs longer than preceding pair; distal tar- 
sus flattened; mesothoracic and metathoracic 
appendages with pair of sensory pores near 
proximal end of basal segment; pair of tactile 
setae at distal end of basal segment. 

Abdomen (fig, 31),—Prodorsum of segment 1 
with secondary seta {d"); segments 2-7 with 
primary (D) and secondary (d") setae; segment 
8 with two secondary setae id', d"); segment 9 
lacking setae. Postdorsum of segments 1-7 
with two secondary setae (a', a"); two setae (A, 
a") on segment 8; segment 9 with single pri- 
mary seta. Dorsum of segment 10 with setagr. 
Spiracular area without setae; spine on seg- 
ment 1. Epipleuron of segments 1 and 9 with 
single seta {E); second segment with single 
secondary seta {e'); segments 3-8 with two 
setae {E, e'), Hypopleuron of segments 1-8 
with one seta {H); seta h on segment 9; seg- 
ment 10 lacking seta. Sternum of segments 1-7 
with three setae {u, v, x); segments 8-10 with 
single seta {x, x, and u, respectively); numer- 
ous sclerotized plates on segments 1-8; seg- 
ments 9 and 10 lacking sclerotized plates. 
Segment 10 with transverse anal aperture. 

Significant characters.—Each pair of legs 
longer than preceding pair; median and pos- 
terior arms of prothoracic plate with two and 
four teeth, respectively; setaZ) on prodorsum 
of abdominal segments 2-7; hypopleuron of 
abdominal segments 1-8 with setai^^; absence 
of a' and a" on postdorsum of abdominal seg- 
ment 9; setae d' and d" on abdominal prodor- 
sum 8; setae a' and a" on postdorsum of abdom- 
inal segments 1-7. 

Specimens examined.—12. 
Host plants.—Ziziphus obtus ifolia (Hooker): 

Arizona. Yavapai Co.: 3 mi N Camp Verde, 3 
June 1972.1.5 mi SW Camp Verde, 3 June 1972, 
17 June 1972. 

Biological notes.—See Forister and Johnson 
(1971) for information on the life cycle, be- 
havior, ecology, and host plant of this species. 
The fruit of Z. obtusifolia has a bicarpelate 
ovary with one carpel and ovule much en- 
larged (Forister and Johnson, 1971). We ob- 
served that a greater percentage of the larvae 
appeared to prefer the larger ovule, but sev- 
eral larvae also developed within the smaller 
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ovules, resulting in smaller adults. In several 
instances, larvae penetrated smaller ovules 
and appeared to have fed prior to penetrating 
the septa and entering larger ovules. We also 
observed that in some fruits the septum 
separating the two chambers apparently had 
been penetrated several times by single lar- 
vae. Remnants of old exuviae were found 
within the pupal chamber excavated by the 
larva. Larvae crawled over the fruit surface 
following eclosión. This form of behavior is 
thought to be due to the rather well-developed 
legs, which may enable the larva to penetrate 
the surface of the fruit in a manner similar to 
that described for Acanthoscelides obtectiis by 
Kunhikannan (1923). 

Discussion.—First stage larvae of A. pro- 
sopoides are the only individuals of the second 
subgroup (see discussion of A. baboquivari) to 
possess two teeth on each median arm of the 
prothoracic plate (others possess a single 
tooth). Other characters are the absence of 
primary and presence of two secondary setae 
on the postdorsum of abdominal segments 1-7. 
This species also lacks the sclerotized abdomi- 
nal plates of A. obtectus and differs from AZ- 
garobius prosopis in the location of the 
mesothoracic spiracle (hypopleuron in Acan- 
thoscelides collusus; epipleuron in Algarobius 
prosopis). 

For other distinguishing features of this 
species, refer to the above significant charac- 
ters. 

Algarobius prosopis (LeConte) 

Summary of chaetotaxy: Table 9. 
Prothorax (fig. 10).—With eight setae, ex- 

clusive of those associated with prothoracic 
plate (fig. 22, /); several small, cuticular pro- 
tuberances near posteromedian border; 
sclerotized plates on sternum. 

Prothoracic plate (fig. 22, I).—Median arms 
with one tooth; posterior arms with seven 
teeth (six teeth according to Kunhikannan, 
192S); posterolateral aspects of posterior arms 
extended laterally; seta 2 (fig. 22, C) located 
anteromedially; (not anterolaterally; Kunhi- 
kannan, 1928) seta 5 and associated sensory 
pore within plate near median border of 
posterior arms (anly one pair of setae along 

median border of posterior arms, not two pair 
as shown by Kunhikannan, 1923). 

Mesothorax and metathorax (fig, 10).— 
Prodorsum bare. Postdorsum of mesothorax 
with two setae (A, a")\ metathorax with pri- 
mary (A) and two secondary (s', a") setae. 
Mesoepipleuron with two setae {E, e') and 
spiracle; two or three small, cuticular projec- 
tions near anterior border of spiracle; 
metepipleuron with single seta {e'). Hypo- 
pleuron bare. Sternum with two setae {u, R); 
many sclerotized plates. 

Legs (fig. 23,1).—^Two-segmented; each pair 
longer than preceding pair; apical end of distal 
segment forming flattened tarsus; distal end 
of basal segment with pair of tactile setae; two 
sensory pores at base of prothoracic appen- 
dage; single sensory pore at base of meso- and 
metathoracic appendages. 

Abdomen (fig. 32).—Prodorsum of segments 
1 and 9 bare; segments 2-8 with single seta 
((¿') on prodorsum. Postdorsum of segment 1 
with one seta (a ') ; segments 2-8 with two setae 
(A, a") on postdorsum; postdorsum 9 with pri- 
mary (A) and two secondary (a', a") setae; seta 
a" twice as long as seta a' on segment 9. Dor- 
sum of segment 10 with seta g. Spiracular 
areas asetiferous; spine on segment 1. Epi- 
pleuron of segments 1 and 9 with single seta (E); 
secondary seta (e') on segment 2; primary (E) 
and secondary (6') setae on segments 3-8; seta 
e' on segments 3-7 twice as long as seta e' on 
segment 8. Hypopleuron of segments 2-8 with 
single seta (H); segments 1 and 9 with second- 
ary seta; hypopleuron 10 bare. Sternum of 
segments 1-7 with three setae (u, v, x) and 
sclerotized plates; sternite 8 with two setae 
(u, x); sternites 9 (v) and 10 (x) with one seta; 
sclerotized plates absent on segments 8-10. 
Segment 10 with transverse anal aperture. 

Significant characters.—Each pair of legs 
longer than preceding pair; median arms of 
prothoracic plate with one tooth, posterior 
arms with seven teeth; sclerotized, pigmented 
plates absent on tergites 8 and 9; only seta a' 
on dorsum abdominal segment 1; length of dis- 
tal setae on basal leg segment greatly reduced. 

Specimens examined.—6. 
Host plants.—Prosopis juliflora (Swartz): 

Arizona. Yavapai Co.: Verde Valley, summer- 
fall 1972 (S. Swier). 

Biological notes.—See Bridwell (1920, a, b), 
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Forister,^ Kunhikannan (1923, as Mylabris 
uniformis), and Zacher {1930, 1951, 1952) for 
information on life cycle, larval behavior, and 
host plants. Contrary to reports of Kunhikan- 
nan (1923), we have observed first instar lar- 
vae penetrating pods of Prosopis juliflora 
without utilizing leverage gained by wedging 
the prothoracic plate against the egg chorion. 
These larvae crawl over the pod surface fol- 
lowing eclosión. 

Discussion.—Of the members of the complex 
mentioned in the discussion of Acanthos- 
celides baboquivari, Algarobius prosopis is the 
only species with a single tooth on each me- 
dian arm and seven teeth on each posterior 
arm. It differs from the closely related A. ob- 
tectus by characters mentioned in the discus- 
sions of Acanthoscelides obtectus and A. 
baboquivari. Because of similarities to that 
species, A. prosopis has been placed in a sub- 
group with A. obtectus. We feel that more lar- 
vae of the genus Algarobius should be studied 
before our arrangement can be confirmed. 

Amblycerus acapulcensis Kingsolver 

Summary of chaetotaxy:    Table 10. 
Prothorax (fig, 11),—With 13 setae, exclud- 

ing those associated with prothoracic plate 
(fig. 22, J); seta 25 located mesad of seta 16; 
sclerotized sternal plates obtuse rather than 
acute. 

Prothoracic plate (fig, 22, J),—Median arms 
with two teeth, median tooth twice as large as 
lateral tooth; medial border of median arm 
confluent with same border of posterior arm; 
posterior arm broad with laterally extended 
laterodistal border; posterior arm with eight 
or nine teeth; sensory pore near median base 
of posterior arm; seta absent on posterior 
arms; seta 2 located anteromedially, remain- 
ing setae near border of anterior arms; two 
sensory pores located mesad of anterior arms. 

Mesothorax and metathorax (fig. 11)*— 
Prodorsum bare. Postdorsum with four setae 
(A, a", B, b"); setae A, a" and^, fe', 6" on 
metathoracic postdorsum. Epipleuron with 
primary (E) and secondary (e') setae. Hypo- 
pleuron with single secondary seta (h); biforous 
spiracle on mesohypopleuron. Sternum with 

^ See footnote 7. 

three setae (u, f, R) and obtuse sclerotized 
plates; seta u elongate and located mesad of 
setaß. 

Legs (fig. 23, J),—Three-segmented; each 
pair longer than preceding pair; segment 3 
terminating in fleshy lobe and opposable cres- 
cent shaped, movable sclerotized claw; seg- 
ment 3 with thin sclerotized plate along an- 
terior surface (may provide rigid surface on 
which the claw and plate of segment 2 articu- 
late); second and third pairs of appendages 
possess three tactile setae and two sensory 
pores near base of fleshy lobe; three setae and 
one sensory pore near base of fleshy lobe of 
first appendage; posterior surface of second 
segment with elongate, decurved, posteriorly 
directed spine; one spine located laterad and 
one spine located anterobasally on second 
segment of legs; sensory pore located medially 
on lateral side; sclerotized plate along an- 
terior surface of median leg segment provides 
articular surface for sclerotized plate of basal 
segment; seta located proximally on anterior 
surface; basal segment of prothoracic appen- 
dage with posteriorly directed seta on caudal 
surface. 

Abdomen (fig. 33),—Prodorsum segments 
1-9 with single seta (d'); seta d' on segments 
1-6 with closely associated sensory pore. Post- 
dorsum of segment 1 with three setae (A, a', 
a"); segments 2-6 with four setae (A, a', a", b'); 
segments 7-9 with single primary (A) and sec- 
ondary (a") setae; seta A on segment 9 six times 
longer than seta A on segments 7 and 8. Dor- 
sum of segment 10 with two setae (A, a'). 
Spiracles biforous; segment 1 with seta s' at 
base of spine; segments 2-6 with two setae (s', 
s"); segments 7 and 8 possess single seta (s'), 
Epipleuron of segments 1-9 with two setae (E, 
e'), Hypopleuron of segments 1-9 with two 
setae (E, e'), Hypopleuron of segments 1-10 
with one seta (h), Sternites 1-8 with two setae 
(u, v) and pointed sclerotized plates; single 
seta (v) on sternite 9; sternite 10 bare. Seg- 
ment 10 with Y-shaped anal sulcus. 

Significant characters,—Three-segmented 
legs, each longer than preceding pair, each 
possessing internal sclerotized plates; seta u 
mesad of seta R on meso- and metathoracic 
sterna; five pairs of setae between anterior 
arms of prothoracic plate; setae absent on 
base of posterior arms of prothoracic plate; 
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setae A and a' on dorsum of abdominal seg- 
ment 10. 

Specimens examined.—25. 
Host plants.—Caesalpinia cacalaco Humb. 

and Bonpl.: Mexico. 6 mi N Los Mochis, 
Sinaloa, 12 March 1973 (C. D. Johnson). 

Biological notes.—Females oviposit at ran- 
dom upon the surface of pods of Caesalpinia 
cacalaco. The eggs may be laid singly or in 
clusters and may be oviposited in small holes 
as well as at random over the pod surface. The 
females appear to attach the eggs by means of 
the "puddle" technique ^^ because of the copi- 
ous quantities of cement associated with each 
egg. 

Larvae bore from the egg into the pod, but in 
one instance the larva was prematurely re- 
moved from the egg, and its mode of locomo- 
tion and general habits were observed. The 
larva actively crawled for a distance approxi- 
mately equal to one and one-half times its 
length and then attached itself to the sub- 
strate with the suckerlike tenth abdominal 
segment. With the abdomen firmly attached to 
the substrate, the larva then stood upright 
waving its anterior end about much like a cab- 
bage looper. The larva then resumed its hori- 
zontal position. When this larva was placed on 
the surface of a pod of its host plant, it was able 
to bore through the side of the pod, without 
purchase, in about 3 to 5 minutes. This indi- 
cates to us that leverage is not necessarily 
required for penetration of a pod by this 
species. This behavior may be of importance 
once the larva has penetrated the pod and 
entered the chamber containing the ovule. A 
considerable distance (3 to 9 mm) exists be- 
tween the ovule and the pod wall. The ^^ooper" 
behavior would enhance more rapid contact 
with the seed. Once contact is made with the 
seed, the larva is capable of boring into the 
seed without purchase as it did through the 
pod wall. 

Discussion.—This species is readily distin- 
guished from the other species on the basis of 
host plant preference, behavior, and the sig- 
nificant morphological characters mentioned 
above. Many of its characters are probably 
primitive, especially the well-developed 
thoracic appendages, which possess a termi- 

no See footnote 6. 

nal, movable claw. Because of this character 
(Boving, 1930) in combination with its 
Y-shaped anal aperture and long primary 
setae, this species is regarded as being the 
most primitive of the species involved in this 
study. 

Caryobruchus gleditsiae 
(Linnaeus) 

Summary of chaetotaxy: Table 11. 
Prothorax (fig. 12).—With 13 setae, exclu- 

sive of those associated with prothoracic plate 
(fig. 22, K)\ seta 16 arising from sternal lobe; 
sclerotized plates large, in three horizontal 
rows. 

Prothoracic plate (fig. 22, K).—Median arms 
absent; broad posterior arms tapering an- 
terolaterally into elongate, narrow anterior 
arms; posterior arms with 10 rounded teeth; 
seta 7 isolated in membranous pocket near 
median aspects of plate; seven pairs of setae 
associated with plate; setae 1-4 located lat- 
erally; setae 5 and 6 located medially. 

Mesothorax and metathorax (fig. 12).— 
Prodorsum greatly reduced. Postdorsum with 
primary (A) and three secondary setae (a', a", 
h'). Epipleuron with primary {E) and two sec- 
ondary setae {e', e"); spiracle on mesoepi- 
pleuron. Hypopleuron with one seta (h). Ster- 
num with three setae (it, f, R); seta ii and R 
restricted to lateral sternal lobes; sclerotized 
plates on and between sternal lobes. 

Legs (fig. 23, K).—With three large seg- 
ments; curved, sclerotized, immobile claw at 
apical end of distal segment; three to four tac- 
tile setae at distal end of segment 3; 
prothoracic appendages with sensory pore 
near anteromedian border of segment 3; seg- 
ment 2 larger than others, with two tactile 
setae and two sensory pores; basal segment 
bare. 

Abdomen (fig. 3If).—Prodorsum of segments 
1-4 {d') and 9 (d") with single seta; seta d' on 
segments 2-8 with closely associated sensory 
pore; prodorsum of segments 5-8 with two 
setae {d', d"). Postdorsum of segments 1 and 8 
with primary (A) and two secondary setae (a', 
a"); segment 9 with setae A and a"; segments 
2-7 with four setae {a",B,h', b") on postdorsum. 
Dorsum of segment 10 with seta g. Spiracles 
biforous; two setae (s', s") on segments 2-8; 



34 TECHNICAL BULLETIN 1525, U.S. DEPT. OF AGRICULTURE 

segment 1 with three setae (s ', s", s"') near base 
of spine. Epipleuron of segments 5 and 8 bare; 
segments 1-4, 6-7, and 9 with primary {E) and 
secondary (6') setae. Hypopleuron of segments 
1-4, 6-7, and 10 with secondary seta only; seg- 
ment 9 with short primary seta {H)\ segments 
5 and 8 with two setae {H, h). Sternum of seg- 
ments 1-7 with three setae {Uy v, x); sternites 
1-7 with mucronate-shaped sclerotized plates; 
seta 16 and acute sclerotized plates on sternites 
8-10. Segment 10 with Y-shaped anal sulcus. 

Significant characters,—Absence of median 
arms on prothoracic plate; seven pairs of setae 
associated with prothoracic plate; legs three- 
segmented; immobile claw at distal end of 
segment 3; biforous spiracles on thorax and 
abdomen; mucronate sclerotized plates on ab- 
dominal sternites 1-7. 

Specimens examined,—20. 
Host plants,—Sabal uresana Trel.: Mexico. 3 

mi W San Carlos Bay, Sonora, 22 December 
1972 (C. D. Johnson). 

Biological notes,—Because they are very 
hard, the seeds of the host plants, uresana are 
sometimes referred to as stone nuts. The seeds 
are covered by a fragile, spongy tissue that 
becomes hardened when dry and is easily 
separated from the seed surface. The females 
may oviposit on either the covering or the 
seed. 

The oval-shaped egg has a rubbery netlike 
chorion subtended by a broad band of muci- 
lage. As many as four eggs were oviposited on 
the same seed, but because we have observed 
only one adult to emerge from each seed, we 
assume that cannibalism occurs. 

The larva bores into the seed directly from 
the egg and moves toward the center of the 
seed where it gnaws a circular chamber. These 
chambers yielded no evidence of old exuviae, 
probably indicating that they are consumed 
by the larva. The chamber is used for pupa- 
tion, and upon emergence the adult completes 
the removal of the opercular covering, a task 
begun by the last instar larva. The adult forces 
the lid to the outside and escapes through the 
circular hole. 

Discussion,—The host plant (Sabal uresana) 
and significant morphological characters, 
such as absence of median arms on prothoracic 
plate, Y-shaped anal aperture, and tarsus, 

facilitate separation of this species from the 
others in this study. 

Mimosestes amicus (Horn) 

Summary of chaetotaxy: Table 12. 
Prothorax (fig. IS),—With four setae, ex- 

clusive of those associated with the 
prothoracic plate (fig. 22, L); sternum with 
many large sclerotized plates. 

Prothoracic plate (fig, 22, L),—Median arm 
with two teeth; posterior arm with eight teeth; 
median tooth on posterior arm elongate with 
rounded end; medial border of posterior and 
median arms contiguous; posterior arms 
broad, short; anterior arms elongate, narrow; 
seta 5 (fig. 22, C) near middle of posterior arm. 

Mesothorax and metathorax (fig. 13),— 
Prodorsum without setae. Postdorsum with 
primary (A) and two secondary (a', a") setae; 
sensory pore closely associated with seta a', 
Mesoepipleuron with one primary and one 
secondary {e') seta; metepipleuron with sec- 
ondary seta ie') only. Hypopleuron lacking 
setae; spiracle on mesohypopleuron. Sternum 
with one seta (Ä); many large sclerotized 
plates. 

Legs (fig, 23, L),—^Two-segmented; subequal 
in length; flattened tarsus at terminal end of 
distal segment; pair of tactile setae at apical 
end of basal segment. 

Abdomen (fig, 35),—Prodorsum of segments 
1-8 with one seta (d') and associated sensory 
pore; prodorsum 9 without setae. Postdorsum 
of segment 1 with seta A; postdorsum of seg- 
ments 2-8 with two setae (A, a"); distance be- 
tween setae A and a" less than half that be- 
tween same setae on segments 6 and 8; post- 
dorsum 9 with one primary (A) and two sec- 
ondary setae (a', a"), Dorsum of segment 10 
with seta g, Spiracular area lacking setae; 
three bumps or swellings above spiracle on 
segments 6-8; spine on segment 1. Epipleuron 
of segment 1 with single (E) seta; secondary 
setae only on segments 2-5; primary (E) and 
secondary (e') setae on segments 6-8, epi- 
pleuron 9 bare. Hypopleuron of segments 1-8 
with seta h ; hypopleura 9 and 10 lacking setae. 
Sternum of segment 1 without setae; setax on 
segments 6-8; setau on segment 10; two setae 
(v, x) on segments 2-5 and 9. Segment 10 with 
transverse anal aperture. 
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Significant characters,—Legs of subequal 
length with flattened tarsal complex; en- 
larged, median tooth on posterior arms of 
prothoracic plate; median arm of prothoracic 
plate with two teeth; prothorax with four 
setae, excluding those of the prothoracic plate; 
abdominal sternum 1 and abdominal epi- and 
hypopleuron 9 lacking setae. 

Specimens examined.—7. 
Host plants,—Prosopis juliflora (Swartz): 

Arizona. Yavapai Co.: Junction of Tuzigoot 
Nati. Mon. and Hwy. 89, 7 August 1971. 

Biological notes,—See Kunhikannan {1923) 
and Forister^^ for information on host plants, 
developmental time, and behavior. Larvae 
appear to enter the pod directly from the ^^^ 
and move within the pod before entering the 
side of a seed. Larvae always consume consid- 
erable quantities of the endosperm before 
feeding on the cotyledons. 

The softer portions of the exuviae are prob- 
ably consumed because only the heavily 
sclerotized parts are found within the 
chamber excavated by the larvae. 

Discussion,—See discussion of Acanthos- 
celides macrophthalmus, 

Mimosestes protractus (Horn) 

Summary of chaetotaxy:    Table 13. 
Prothorax (fig, H),—Primary setae absent; 

five setae present, exclusive of those as- 
sociated with prothoracic plate; legs absent, 
replaced by seta 13; four sensory pores near 
posteromedian border; sternum heavily laden 
with many large, sclerotized plates. 

Prothoracic plate (fig, 22, M),—Median arms 
with two teeth; posterior arms with six teeth; 
anterior arms narrow, elongate; posterior 
arms broad, short, and with laterally extended 
apical end; setae 2 and 3 (fig. 22, C) absent; seta 
5 and associated sensory pore near median as- 
pects of posterior arm. 

Mesothorax and metathorax (fig, H^),— 
Primary setae absent. Prodorsum with two 
setae (d', d"), Postdorsum bare. Epipleuron 
with setae e' and e", Mesohypopleuron with 
two setae Qi\ h"), spiracle, and several small, 
fleshy lobes anterior to spiracle. Metahypo- 

pleuron bare. Sternum with setaiC; numerous 
large, sclerotized plates. 

Legs,—Absent, replaced by enlarged, de- 
curved spines (setae 13 and K, fig. 14). 

Abdomen (fig, 36),—Lacking primary setae. 
Prodorsum of segments 5 and 7 with two setae 
(d', d")\ prodorsa 6 and 9 with seta d'; prodor- 
sum 9 with oblique row of sclerotized, pointed 
plates; prodorsum 8 bare. Postdorsum of seg- 
ment 1 with seta a" only; two setae (a', a") on 
postdorsum of segments 2-8; postdorsum 9 
bare. Dorsum of segment 10 with seta g, 
Spiracular areas of segments 3-8 asetiferous, 
numerous small, sclerotized plates near spira- 
cle; segment 2 with seta s', sclerotized plates 
lacking; seta s' at base of spine on segment 1. 
Epipleuron of segments 2-8 with single seta; 
small projections near base of seta on segment 
2; epipleura 1 and 9 bare. Hypopleuron of seg- 
ments 1-7 with one seta; remaining hypo- 
pleura (8-10) bare. Sternum of segment 1 with 
three setae (a, v, x); sternum of segments 2 (u, 
x), 3-6 (u, v), and 9 (v, x) with two setae; setai^ 
on sternite 7; sternites 8 and 10 asetiferous; 
numerous large, irregularly shaped plates on 
sternites 1-9; sternite 10 bare. Segment 10 
with transverse anal aperture. 

Significant characters,—Absence of pri- 
mary setae and legs ; legs replaced by decurved 
spines; numerous enlarged, posteriorly di- 
rected, sclerotized plates on thoracic and ab- 
dominal sterna 1-9; three pairs of setae on 
prothoracic plate. 

Specimens examined,—6. 
Host plants,—Prosopis juliflora (Swartz): 

Arizona. Yavapai Co.: Verde Valley, summer 
1972 (S. Swier). 

Biological notes,—See Forister^^ for infor- 
mation concerning percentage infestation, 
host plant, and oviposition. 

Mimosestes protractus infests very imma- 
ture green pods of P, juliflora (personal com- 
mun., S. Swier). The absence of thoracic ap- 
pendages and replacement of them by de- 
curved spines might explain why this species 
is successful when entering soft pods. The 
presence of primary setae or longer appen- 
dages might impede the movement of a larva 
through the sappy pulp within a very imma- 

11 See footnote 7. 12 See footnote 7. 
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ture pod. When the female oviposits several 
eggs on top of each other, the larvae cannot 
penetrate the pod directly upon hatching, and 
the presence of the small decurved spines 
might enhance stability along the pod rib once 
the larva has vacated the egg (personal com- 
mun., S. Swier). 

Discussion,—M, protractus is most rapidly 
recognized by the absence of primary setae 
and segmented walking appendages. These 
traits ally it to the group that includes Za- 
brotes suhfasciatus, Stator limhatus, S, 
pruininuSy and S. pygidialis. 

Due to the reduction in size of the 
prothoracic plate, the number of setae (three 
pairs) associated with the plate, and location 
of spiracle on hypopleuron, M. protractus is 
considered to be most closely related toZ. suh- 
fasciatus, Because these traits are considered 
to be the most derived, we consider these 
species to be the most advanced of those in- 
volved in this study. 

There are, however, numerous differences 
between the two species. Probably the most 
recognizable is the degree of development of 
the prothoracic plate. The plate of Zabrotes 
suhfasciatus (fig. 22, T) is represented only by 
a pair of toothlike sclerotized projections, 
which represents what we consider to be a de- 
rived trait, whereas, anterior, median, and 
posterior arms are present on the plate of M. 
protractus. In addition, M, protractus pos- 
sesses five pairs of setae on the prothorax (15 
pairs in Z, suhfasciatus) and numerous en- 
larged, sclerotized plates on all sternites (ab- 
sent inZ. suhfasciatus) and is restricted to the 
host plant Prosopis juliflora, 

Mimosestes sallaei (Sharp) 

Summary of chaetotaxy: Table 14. 
Prothorax (fig, 15),—With nine setae, exclu- 

sive of five pairs associated with prothoracic 
plate (fig. 22 N)\ two distinct rows of small, 
sclerotized plates near upper anterior portion 
of segment, near distal end of anterior arms of 
prothoracic plate; sternum with few 
sclerotized plates. 

Prothoracic plate (fig, 22, N),—See 
Kunhikannan {1923, plate III, figs, 6 and 8); 
median arm with two teeth, one large and one 
small; posterior arm with numerous teeth. 

medial tooth elongate and pointed (noted by 
Kunhikannan, 1923), remaining teeth nearly 
equal in size; posterior arm expanded lat- 
erally; seta 2 (fig. 22, C) nearly anteromedial; 
sensory pore or pit between setae 1 and 2. 

Mesothorax and metathorax (fig, 15),— 
Prodorsum without setae. Postdorsum with 
primary (A) and two secondary setae (a', a"); 
setae A and a" close together and located near 
ventral aspects of postdorsum. Mesoepi- 
pleuron with two setae {E, e'); metepipleuron 
with single secondary seta (e'), Hypopleuron 
lacking setae; spiracle on mesohypopleuron. 
Sternum with two setae (R, u); moderate 
number of small sclerotized plates in one or 
two rows. 

Legs (fig, 23,M),—Two-segmented; each pair 
longer than preceding pair; tarsus flattened; 
pair of tactile setae at distal and proximal ends 
of basal segment; small sensory pore located 
anteromedially on first and second pairs of 
legs. 

Abdomen (fig, 37),—Prodorsum of segments 
1-8 with one seta (d'); segment 9 lacking setae. 
Postdorsum of segment 1 with seta A; post- 
dor sa of segments 2-8 with two setae (A, a"); 
postdorsum 9 with setae A, a', anda". Dorsum 
of segment 10 with seta g, Spiracular area of 
segment 1 with setas' and spine; segments 2-4 
with small conical-shaped bumps located an- 
terodorsal to spiracle; remaining segments 
5-8 lacking setae or bumps. Epipleuron of 
segments 1 and 9 with one seta (JE); segments 
2-4 with secondary setae only; segments 5-8 
with primary {E) and secondary {e') setae. 
Hypopleuron of segments 1-9 with single sec- 
ondary seta only; segment 10 lacking setae. 
Sternum of segments 1-7 with three setae {u, 
V, x) and numerous sclerotized plates; sternum 
8 with two setae {v, x) and few sclerotized 
plates; setat; on segments 9 and 10; sclerotized 
plates scarce on segment 9. Segment 10 with 
transverse anal aperture. 

Significant characters,—Each pair of legs 
longer than preceding pair; median arm of 
prothoracic plate with two teeth; seta D ab- 
sent on abdominal prodorsa; hypopleuron of 
abdominal segments 1-9 with secondary setae 
only; setae a' and a" on ninth abdominal post- 
dorsum; median tooth on posterior arm of 
prothoracic plate elongate and apically 
pointed; seta A on first abdominal postdor- 
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sum; seta s' on first abdominal spiracular 
area. 

Specimens examined.—46 
Host plants.—Acacia farnesiana (hinnsieus): 

Mexico, 8 mi S Atenquique, Jalisco, 3 January 
1973 (C. D. Johnson). 

Biological notes.—For host plant informa- 
tion, see Zacher (1952). Larvae used in this 
study were obtained from the seeds of A. far- 
nesiana. Information is also available on the 
bionomics (Cushman, 1911; Hinckley, 1960, 
1961), ovipositional behavior (Hinckley, 1960, 
1961), egg characteristics (Cushman, 1911; 
Hinckley, 1960; Kunhikannan, 1923), and par- 
asites of eggs, larvae, and adults (Cushman, 
1911 ; Hinckley, 1960,1961). 

We have observed that larvae may leave the 
^gg by way of the anterodorsal end and crawl 
over the pod surface. These larvae move to the 
sulcus of the seam uniting the two halves of 
the pod where they are able to acquire suffi- 
cient leverage to penetrate the pod coat. 

Oviposition appears to occur at random over 
the pod surface and in old exit holes and pupal 
chambers. Generally, however, females seem 
to prefer the slight depression along the side of 
the ridge of the pod seam for oviposition. Per- 
haps this behavior is a mechanism to ensure 
larval survival because Hinckley {I960) re- 
ported some eggs are not always firmly at- 
tached. Therefore, if the eggs are laid next to 
the seam, the newly hatched larva need only 
crawl a short distance (less than 2 mm) to pen- 
etrate the pod. 

Discussion.—Mimosestes sallaei is one in a 
group of three rather distantly related 
species. These species are thought to be re- 
lated because they all possess the following 
characters: Two teeth on each median arm 
and an elongate, pointed, median tooth sub- 
tended by seven or eight smaller teeth on each 
posterior arm; similar chaetotaxy. For addi- 
tional discussion see that of Acanthoscelides 
macrophthalmus. 

Neltumius arizonensis (Schaeffer) 

Summary of chaetotaxy: Table 15. 
Prothorax (fig. 16).—With seven setae, ex- 

clusive of those associated with prothoracic 
plate (fig. 22, O); sternum with two or three 
irregular rows of sclerotized plates. 

Prothoracic plate (fig. 22, O).—Median arms 
with three or four teeth; posterior arms with 
five or six teeth; posterior arms short and 
broad, anterior arms elongate and narrow 
with enlarged cephalic end; setae 2, 3, and 4 
(fig. 22, C) not bordering plate, located more 
medially; seta 5 near median aspects of base of 
posterior arm, associated sensory pore near 
median border of posterior arm. 

Mesothorax and metathorax (fig, 16).— 
Prodorsum lacking setae. Postdorsum with 
primary (A) and secondary (a', a") setae. 
Mesoepipleuron with two setae (E, e'); 
metepipleuron with seta e'. Hypopleuron 
without setae; spiracle on mesohypopleuron. 
Sternum with one seta {R); three or four ir- 
regular rows of sclerotized plates. 

Legs (fig. 28, N).—Two-segmented; subequal 
in length; apical end of distal segment with 
rounded tarsus; pair of tactile setae located 
distally on basal segment; large sensory pore 
at base of proximal segment. 

Abdomen (fig. 38).—Prodorsum of segment 1 
with primary seta only; segments 2-6 and 8 
with one seta (d'); sensory pore associated 
with seta d' on segments 2-6; prodorsum 7 
with two secondary setae {d', d"); prodorsum 9 
without setae. Postdorsum of segments 1 and 7 
with setae a' and a", respectively; segment 2 
with one seta (A); segments 3-6 and 8 with 
setae A and a"; setae a' and A on segment 9, 
distance between setae exceeds half the 
length of seta A. Dorsum of segment 10 with 
seta fir. Spiracular areas without setae; spine 
on segment 1. Epipleuron of segments 1 and 9 
with one seta {E); segments 2-4 with second- 
ary seta only ; two setae {E, e ') on segments 5-8. 
Hypopleuron of segments 1-9 with secondary 
seta; hypopleuron 10 bare. Sternum of seg- 
ments 2-8 with three setae {n, v, x); setaeu and 
V on segment 1; setai; on segment 9; segment 
10 without setae or sclerotized plates; seg- 
ments 1-9 with one to several irregular rows of 
sclerotized plates. Segment 10 with trans- 
verse anal aperture. 

Significant characters.—Legs of subequal 
length, with rounded tarsus; primary seta A 
on postdorsum of abdominal segment 6; meso- 
and metahyposternum bare; seta/i on abdom- 
inal segment 9; median arm of prothoracic 
plate with at least three teeth. 

Specimens examined.—15. 
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Host plants,—Prosopis julißora (Swartz): 
Arizona. Yavapai Co.: Verde Valley, summer- 
fall 1972 (S. Swier). 

Biological notes.—See Forister (1970) for in- 
formation on egg characteristics, develop- 
mental period, and generations per year; 
Kingsolver (196i) for host plant information; 
and Kunhikannan (1923) for egg characteris- 
tics and larval behavior and characters infor- 
mation. 

Discussion,—N, arizonensis represents a 
species distinct from others involved in this 
study. The similarities shared with Sennius 
morosus are mentioned in the discussion of 
that species. For other distinguishing differ- 
ences, see biological notes and significant 
characters mentioned above. 

Sennius morosus (Sharp) 

Summary of chaetotaxy: Table 16. 
Prothorax (fig, 17),—With 11 setae, exclu- 

sive of those associated with prothoracic plate 
(fig. 22, P); numerous enlarged sclerotized 
plates on sternal lobes between appendages. 

Prothoracic plate (fig, 22, P),—Median arms 
with two teeth of variable sizes; posterior 
arms with six teeth (five contiguous and one 
lateral); seta 4 (fig. 22,C) missing; seta 5 within 
plate of posterior arm, associated sensory pore 
on median border of posterior arm; seta 2 lo- 
cated medially; distal end of posterior arms 
extended laterally; anterior arms tapering 
from base to apex. 

Mesothorax and metaihorax (fig, 17),— 
Prodorsum lacking setae. Postdorsum with 
three setae (A, a', a"); setae A and a" nearly 
contiguous, near tergo-pleural border; seta a' 
and associated sensory pore located dorsally. 
Epipleuron with two setae (£', e'), Hypo- 
pleuron bare; spiracle on mesohypopleuron. 
Mesosternum with two setae (u, R) and nu- 
merous sclerotized plates on sternal lobes; few 
plates between and behind lobes; metaster- 
num with four setae (u, v, x, R) and sclerotized 
plates on sternal lobes. 

Legs (fig, 23, O),—^Two-segmented; subequal 
in length; apical end of distal segment forming 
rounded tarsus; three tactile setae on basal 
segment of meso- and metathoracic appen- 
dages; two setae on basal segment of 
prothoracic leg. 

Abdomen (fig, 39),—Prodorsum of segment 1 
bare; prodorsa of segments 2-9 with single 
seta (d'); seta d' on segments 2-8 with closely 
associated sensory pore. Postdorsum of seg- 
ments 1-5 and 7-9 with two setae (A, a"); post- 
dorsum 6 bare. Dorsum of segment 10 with 
seta g, Spiracular areas of segments 2-8 
asetiferous; segments 2-5 with several small, 
fleshy projections above spiracle; segment 1 
with seta (s') at base of spine. Epipleuron of 
segments 1 and 9 with one seta (E); secondary 
seta(6') on segments 2-5; remaining epipleura 
(6-8) with two setae (E, e'), Hypopleuron of 
segments 1-9 with secondary seta only; hypo- 
pleuron 10 bare; sterna asetiferous; numerous 
large sclerotized plates on segments 1-8, 
plates reduced in size on sternites 9 and 10. 
Segment 10 with transverse anal aperture. 

Significant characters,—Legs of subequal 
length and a rounded tarsus; three pairs of 
setae between anterior arms of prothoracic 
plate; abdominal sterna lacking setae u, v, or 
x\ hyposternal setae absent on meso- and 
metathorax. 

Specimens examined,—32. 
Host plants,—Cassia bauhinioides Gray: 

Arizona. Yavapai Co.: 1 mi S junction of Bea- 
ver Creek—Montezuma Well roads, 4 Sep- 
tember 1971, 17 June 1972. 

Biological notes,—Detailed information 
concerning the life history, habits, and host 
plant records of this species was presented by 
Center and Johnson (1973) and Johnson and 
Kingsolver (1973), We have observed that lar- 
val entry occurs consistently between the 
septa and the adjacent seed surface. Appar- 
ently the most effective leverage necessary for 
seed penetration is acquired at that point. In- 
stances of two larvae infesting the same seed 
were observed, indicating that cannibalism 
does exist because only a single adult emerges 
from a seed or seeds. Most seeds are infested 
by a single larva, and, after penetration of the 
seed test, the larva appears to feed on the en- 
dosperm for at least one and maybe two stadia 
before entering the cotyledons. 

Larvae do not appear to consume the old 
integument because two or three nearly com- 
plete exuviae were found tightly packed at one 
end of the pupal chamber. 

Discussion,—Sennius morosus is quite dif- 
ferent from any other species involved in this 
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study because only four pairs of setae are as- 
sociated with the prothoracic plate (a charac- 
ter shared by the genus Stator, see discussion 
of Stator limbatus) and the abdominal ster- 
nites are devoid of setae. These are considered 
to be an advanced trait; consequently, S. 
morosus is placed near that complex men- 
tioned in the discussion of Mimosestes protrac- 
tus, S. morosus does possess primary setae and 
segmented walking appendages that distin- 
guish it from the more advanced group of 
Stator, Mimosestes protractus and Zabrotes 
subfasciatus. 

The larvae of S. morosus are most similar to 
those of Neltumius arizonensis. The legs of S. 
morosus are subequal in length and possess a 
rounded tarsus. Except for the sternites, the 
chaetotaxy is identical on the meso- and 
metathorax. However, numerous differences 
do exist between these two species, that is, 
setae on the thoracic sterna of S. morosus (ab- 
sent on N, arizonensis), five pairs of setae as- 
sociated with prothoracic plate ofN, arizonen- 
sis, and setae on abdominal sternites of N. 
arizonensis. Because of these differences, we 
consider them to be distantly related species. 

Stator limbatus (Horn) 

Summary of chaetotaxy: Table 17. 
Prothorax (fig. 18),—Lacking primary setae; 

nine setae present, exclusive of those as- 
sociated with prothoracic plate (fig. 22, Q); legs 
absent, replaced by seta 23; many small, 
sclerotized plates across sternum. 

Prothoracic plate (fig, 22, Q),—(Kunhikan- 
nan, 1923) median arms with two teeth; pos- 
terior arms with five teeth, median tooth 
narrow and elongate; distal end of posterior 
arms terminating in lateral, quadrate projec- 
tion; four pairs of secondary setae; seta 4 (fig. 
22, C) absent; seta 5 and associated sensory 
pore located mesad of medial border of pos- 
terior arms; width of posterior arm base 
greatly narrowed. 

Mesothorax and metathorax (fig, 18),— 
Primary setae absent. Prodorsum of 
mesothorax bare; metathoracic prodorsum 
with three setae (d', d", d'"); seta d' with as- 
sociated sensory pore distant from other two 
setae. Postdorsum* of mesothorax with three 
setae (a', a", b'); seta a' with associated sensory 

pore, near middle of tergum; setae a" and b' 
near pleurotergal border; metathoracic post- 
dorsum with single seta (a') and associated 
sensory pore. Mesoepipleuron with two setae 
(e', e"); spiracle in anteroventral area of sub- 
segment; metepipleuron with single seta (e'), 
Hypopleuron bare. Legs replaced by seta K; 
small, sclerotized plates. 

Legs,—Absent (Kunhikannan, 1923), re- 
placed by setae 23 (on prothorax) and K (on 
meso- and metathorax) (fig. 18). 

Abdomen (fig, UO),—Primary setae absent. 
Prodorsa bare. Postdorsum of segments 1 and 
9 with two setae (a', a"); three setae (a', a", b') 
on postdorsum of segments 2-8; seta a' on 
segments 1-7, with closely associated sensory 
pore; setae a" and 6' closely associated but dis- 
tant from seta a'. Dorsum of segment 10 with 
seta g, Spiracular area of segments 2-8 with- 
out setae; small, sclerotized projections pos- 
terior and ventral to spiracle on segments 2-8; 
seta s' at base of spine on segment 1. Epi- 
pleuron of segments 1-7 and 9, with one seta 
(e'); epipleuron 8 with two setae (e', e"), Hypo- 
pleuron of all segments (1 to 10) with seta h. 
Sternum of segments 1-9 with single seta (i;); 
sensory pore evident anterolaterally of seta v 
on segments 1-7; few small sclerotized plates 
on segments 1-9; sternite 10 bare. Segment 10 
with transverse anal aperture. 

Significant characters,—Absence of pri- 
mary setae; legs replaced by short, acute 
setae; median arms of prothoracic plate with 
two pairs of teeth, posterior arms with five 
pairs; posterior arms terminating in lateral, 
quadrate projection; three pairs of setae be- 
tween anterior arms; single seta on abdominal 
sterna. 

Specimens examined,—61. 
Host plants,—Acacia millefolia Wats.: 

Arizona. Pima Co.: Box Canyon, Santa Rita 
Mts., 7 October 1972 (C. D. Johnson). 

Biological notes,—For information concern- 
ing life history, ecology, oviposition, and host 
plants of this species, consult Forister,^^ 
Johnson (1967), Kunhikannan (1923), Zacher 
(1930, 1951), and Johnson and Kingsolver 
(In press). 

Eggs may be laid singly or in clusters with a 
narrow band of mucilage around each. In 

13 See footnote 7. 
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many instances, the glue served to connect 
numerous eggs together. The egg is similar to 
that oí Stator pruininus (fig. 45, 3), but differs 
from that of S. pygidialis in that it lacks the 
prominent anterior middorsal point charac- 
teristic of that species (fig. 45, 4). We found 
complete exuviae in pupal chambers, indicat- 
ing that exuviae are not partially or com- 
pletely consumed. 

Discussion.—The adults oí Stator limbatuSy 
S. pruininus y and S. pygidialis are very closely 
related in their behavior and morphology; con- 
sequently, they form a very distinct genus 
(Johnson and Kingsolver, in press). The larvae 
also form a distinct group on the basis of mor- 
phology and behavior. 

These three species are readily separated 
from Mimosestes protractus and Zabrotes sub- 
fasciatus because they have an elongate, 
pointed, median tooth on the posterior arm of 
the prothoracic plate (see figs. 22, Q, ß, and S). 
In addition, the mesothoracic spiracle is on the 
epipleuron (hypopleuron in M. protractus and 
Z. subfasciatus), and four pairs of setae are 
associated with the prothoracic plate (three 
pairs in M. protractus and Z. subfasciatus). 

The five teeth on each posterior arm of the 
prothoracic plate of S. limbatus serve as a use- 
ful criterion for species separation. Only three 
teeth appear on each posterior arm of the plate 
of S. pruininus and S. pygidialis. Also, S. lim- 
batus lack seta d on the prodorsum, a charac- 
ter typical of the other two species. 

Stator pruininus (Horn) 

Summary of chaetotaxy: Table 18. 
Prothorax (fig. 19).—Primary setae absent; 

with nine pairs of setae, exclusive of four pairs 
associated with prothoracic plate (fig. 22, R)\ 
sternum with numerous small, cuticular lobes 
surrounding seta 24; legs absent, replaced by 
setae (24). 

Prothoracic plate (fig. 22y R).—Median arms 
with one or two teeth; posterior arms with 
three teeth; one elongate, pointed median 
tooth, two small, rounded teeth of subequal 
size (not shown by Kunhikannan, 1923); lat- 
erodistal aspects of posterior arms extended 
laterally; anterior arms, extended anterolat- 
erally, possessing subparallel sides; three 

pairs of setae between anterior arms; seta 3 
(fig. 22, C) missing; seta 2 not located an- 
teromedially, as shown by Kunhikannan 
(1923); seta 5 and associated sensory pore 
along medial border of posterior arm. 

Mesothorax and metathorax (fig. 19).— 
Primary setae absent. Prodorsum bare. Post- 
dor sum with three setae (a',a'\b'). E]pipleuron 
of mesothorax with two setae (e', e"); sensory 
pore and spiracle; metepipleuron with single 
seta {e'). Hypopleuron with one seta Qi). Ster- 
num with numerous small, cuticular lobes 
surrounding seta if; only seta/iC present. 

Legs.—Absent, replaced by setae 24 and K 
(fig. 19); sternal projections, shown by 
Kunhikannan {1923), not evident. 

Abdomen (fig. Ul).—Lacking primary setae. 
Prodorsum of segments 1-7 with seta d'; pro- 
dorsum bare on segment 8, absent on seg- 
ments 9 and 10. Postdorsum of segment 1 with 
single seta (a"); postdorsa 2-7 with setae a" and 
6' ; postdorsum 8 and dor sum of segment 9 with 
three setae (a', a", 6'). Dorsum of segment 10 
with seta g. Spiracular area of segments 2-8 
asetiferous; segment 1 with seta s' at base of 
spine. Epipleuron of segments 1-5 with seta e ' ; 
two setae (e', e") appear on epipleuron of seg- 
ments 6-8, epipleuron 9 bare. Hypopleuron of 
segments 1-10 with single seta(/i). Setae ^6 and 
V on sternites 1-7; one sclerotized plate and 
several small, cuticular projections on seg- 
ments 1-5; two to four large, pigmented, 
sclerotized projections on sternites 7 and 8; 
small, cuticular projections on segments 6-8 
and sternites 9 and 10 bare. Segment 10 with 
transverse anal aperture. 

Significant characters.—Absence of pri- 
mary setae; legs replaced by short, acute 
setae; large, pigmented, sclerotized projec- 
tions on abdominal sternites 7 and 8; posterior 
arms with three teeth; median tooth elongate, 
pointed; two teeth on right median arm, left 
median arm with one tooth. 

Specimens examined.—48; reared from 
seeds oí Mimosa grahanfii Gray: Arizona. Co- 
chise Co.: Cochise Stronghold, 14 October 1973 
(C. D. Johnson). 

Biological notes.—A wide range of plants 
serve as host for this species (Bridwell, 1918; 
Johnson, 1967; Zacher, 1952). Several eggs 
may be laid upon a single seed (Bridwell, iPi<^ ; 
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Johnson, 1967), resulting in smaller adults. 
The egg (fig. 45,3) (described by Bridwell, 1918, 
and Kunhikannan, 1923), which differs mor- 
phologically from that of the closely related 
species Stator pygidialis (fig. 45,4), possesses a 
broad band of mucilage, which increases 
greatly in width toward and at the anterior 
end. Larval behavior during and subsequent to 
eclosión has also been discussed by these au- 
thors. Forister^"^ reported upon its parasites, 
whereas Bridwell (1918) discussed adult mat- 
ing behavior. 

The functional significance of the large, 
sclerotized, pigmented projections on ster- 
nites 7 and 8 appears to be that of gaining 
added thrust when larvae tunnel through the 
cotyledons. 

Discussion,—Stator pruininus shares a 
number of morphological similarities with S. 
limbatus but more closely resembles S. 
pygidialis. Setae u and v (on meso- and 
metathoracic sterna of S. pygidialis) are ab- 
sent on meso- and metathoracic sterna of S. 
pruininus, S, pruininus has setae 24 and K on 
its thoracic sternites and two to four large 
sclerotized projections on abdominal sternites 
7 and 8, but these are absent on S, pygidialis, 
S, pruininus also lacks setae 15 and 17, which 
are on the prothoracic sternite ofS, pygidialis. 

The distinguishing feature of the first instar 
of S. pruininus is the presence of two to four 
large, pointed, pigmented, posteriorly di- 
rected, sclerotized plates on the sternum of 
abdominal segments 7 and 8. 

Stator pygidialis (Schaeffer) 

Summary of chaetotaxy:    Table 19. 
Prothorax (fig, 20),—Primary setae absent; 

with 10 pairs of setae, exclusive of 4 pairs as- 
sociated with prothoracic plate (fig. 22,S); sev- 
eral small, cuticular lobes on sternum; jointed 
appendages replaced by lateral lobes, which 
possess distally a sensory pore and two setae. 

Prothoracic plate (fig. 22, S),—Median arm 
with two teeth of subequal size; posterior arm 
with three teeth; medial tooth elongate and 
pointed, subtended by two smaller teeth of 
equal size; laterodistal aspects of posterior 
arms extended laterally into quadrate-shaped 

14See footnote 7. 

projections; anterior arms extended an- 
terolaterally; three pairs of setae between an- 
terior arms; seta 4 (fig. 22, C) absent; setae 2 
and 3 located medially, not arranged along 
medial border of anterior arm; sensory pore 
located anterolaterally of seta 2; seta 5 and 
associated sensory pore located mesad of me- 
dian border of posterior arm. 

Mesothorax and metathorax (fig, 20),— 
lacking primary setae. Prodorsum bare. Post- 
dor sum with three setae (a ', a", b ') ; seta a ' with 
closely associated sensory pore. Mesoepi- 
pleuron with two setae {e', e"), sensory pore 
located anterodorsally to spiracle; metepi- 
pleuron with one seta (e') and sensory pore 
located anterodorsally. Hypopleuron bare. 
Sternum with two setae (u, v) and several 
small, cuticular lumps; legs replaced by lat- 
eral, fleshy lobes. 

Legs,—Absent, replaced by rudiments in the 
form of lateral lobes (Snodgrass, 1935), Each 
lobe with two distal tactile setae; single sen- 
sory pore on mesothoracic lobe; metathoracic 
lobe with two sensory pores. 

Abdomen (fig, U2),—Primary setae absent. 
Prodorsum of segments 1-7 with seta (d') and 
associated sensory pore; prodorsum 8 bare; 
plicae absent on dorsum of segment 9. Post- 
dorsum of segment 1 with one seta (a"); post- 
dor sa 2-7 with two ventral setae (a", 6'); post- 
dorsa 8 and 9 with three setae (a', a", b'). Dor- 
sum of segment 10 with seta^^. Spiracular area 
of segments 2-8 asetiferous; seta s ' at base of 
spine and dorsad of spiracle on first segment. 
Epipleuron of segment 1 with seta {e ') and sev- 
eral posteriorly located, pointed, cuticular 
projections; epipleura 2-5 with single seta(e'); 
setae e' and e" on epipleuron of segments 6-8; 
epipleuron 9 bare. Hypopleura 1-10 with seta 
h, Sternites 1-7 with two setae (u, v) and nu- 
merous cuticular lobes; only seta v on ster- 
nites 8 and 9; single horizontal row of cuticular 
lobes between setal pair (v) on sternum 8; 
sternite 10 bare. Segment 10 with transverse 
anal aperture. 

Significant characters,—Primary setae and 
legs absent; legs replaced by lateral lobes; me- 
dian arm of prothoracic plate with two teeth of 
equal size; posterior arm with three teeth, 
median tooth elongate and pointed; two lat- 
eral teeth short, of subequal size; rows of 



42 TECHNICAL BULLETIN 1525, U.S. DEPT. OF AGRICULTURE 

pointed, cuticular projections along caudal 
aspects of first epipleuron. 

Specimens examined,—7. 
Host plants.—Calliandra humilis Benth.: 

Arizona. Coconino Co.: Base, south slope, Mt. 
Eiden, Flagstaff, fall 1973 (C. D. Johnson). 

Biological notes,—The larva penetrates the 
seed directly from the egg. Egg morphology 
differs from that of Stator limbatus and S. 
pruininus (fig. 45,3) by possessing anteriorly a 
very distinct middorsal point (fig. 45, 4). The 
egg is oval, possessing a wide anterior end and 
is bound to the seed surface by a broad band of 
mucilage. The mucilage probably provides a 
means by which the larva may gain sufficient 
purchase to penetrate the egg chorion and 
seed integument. 

Discussion,—The two teeth on each median 
arm of the prothoracic plate of S. pygidialis 
and the paired lateral lobe appendages on the 
thoracic sterna serve as criteria for separat- 
ing this species from other species within the 
genus. The anteriorly located, middorsal point 
on the surface of the egg of S, pygidialis (fig. 
45,4) is also a very useful criterion for separat- 
ing the species within this genus. The egg sur- 
face is convex in S, limbatus and S. pruininus 
(fig. 45, 3). 

A more thorough discussion of the genus is 
presented in the discussion of S. limbatus. For 
a discussion of the species within the group 
lacking primary setae and legs, see the discus- 
sion of Mimosestes protractus, 

Zabrotes subfasciatus (Bohemen) 

Summary of chaetotaxy:    Table 20. 
Prothorax (fig, 21),—Primary setae absent; 

15 pairs of secondary setae present, exclusive 
of those associated with prothoracic plate; 
prothoracic appendage replaced by seta 2Jf\ 
sclerotized plates absent. 

Prothoracic plate (fig, 22, T),—Kunhikan- 
nan {1923), Steffan {191,5), and Zacher {1930) 
mentioned the reduction in development of 
the prothoracic plate. The illustration of 
Zacher is most accurate. In addition to the 
externally projecting teeth of the posterior 
arms, he also showed the subintegumental 
remnants of the median and anterior arms. 
Differences are reported in the numbers of 
projecting teeth. Our observations that two 

teeth are present agree with those of 
Kunhikannan and Steffan. Zacher reported 
two to three projecting teeth per prothoracic 
arm. 

Mesothorax and metathorax (fig, 21),— 
Without primary setae. Prodorsum bare. 
Postdorsum with two setae (a',a"). Epipleuron 
with single seta {e'), Hypopleuron with one 
seta (/i); spiracle on mesohypopleuron. Ster- 
num without sclerotized plates; legs replaced 
by seta K, 

Legs,—Absent (Kunhikannan, i P^^; Steffan, 
19Jf5\ Zacher, iP^O); replaced by setae 24 andK 
(fig. 21). 

Abdomen (fig. U3),—Primary setae absent. 
Prodorsum of segment 1 with two setae (d',d"); 
segments 2-7 with single seta (d'); prodorsa 8 
and 9 bare. Postdorsum of segment 1 with 
single seta (a'); postdorsaof segments 2-9 with 
setae a' and a". Dor sum of segment 10 with 
seta g, Spiracular area of segments 2-8 bare; 
segment 1 with seta s' at base of spine, both 
located dorsad to spiracle. (Setas' is always on 
abdominal segment 1, contrary to reports by 
Steffan {19Jf5) that seta s' is sometimes pres- 
ent.) Epipleuron of segments 1-8 with two 
setae {e', e")\ segment 9 with single seta {e'), 
Hypopleuron of segments 1-9 with one seta {h)\ 
hypopleuron 10 bare. Sternum lacking 
sclerotized plates; setae u and v on segments 
1-8; one seta present on sternites 9 {v) and 10 
{u). Segment 10 with transverse anal aperture. 

Significant characters.—Absence of pri- 
mary setae and legs, the latter replaced by 
small, pointed setae; reduction in develop- 
ment of the prothoracic plate; three pairs of 
setae between arms of prothoracic plate; nu- 
merous (15) setae on prothorax; posteriorly 
curved seta at base of spine on spiracular area 
of first abdominal segment. 

Specimens examined.—20. 
Host plants.—Common beans. 
Biological notes.—Due to its economic sig- 

nificance, much has been written about this 
organism. Howe and Currie {196i), Steffan 
{19Jf5), and Zacher {1930) presented detailed 
accounts of the life history and factors affect- 
ing oviposition, developmental rate, and mor- 
tality. Information is also available concern- 
ing larval morphology, behavior, and food 
plants (Kunhikannan, 1923;  Steffan, 19J,5\ 
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Zacher, 1930, 1951, 1952). Zacher {1951, 1952) 
hsted feeding habits and preferences of the 
adults and, in addition, Hsted 13 plants that 
may serve as potential hosts. 

Discussion.—Z. subfasciatus, due to its 
habit of infesting stored legumes, is a species 
of major economic importance and cosmopoli- 

tan distribution. The first instar larva is most 
easily recognized by the reduction in devel- 
opment of its prothoracic plate (fig. 22, 2"). For 
other distinguishing differences, see discus- 
sion of Mimosestes protractus. This species 
was treated under the name Z. pectoralis by 
Kunhikannan (1923). 
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FIGURE l.—Generalized first instar larva showing pri- 
mary (long) and secondary (short) setae. p.pL: 
prothoracic plate; sp.: first abdominal spine. Scale line 
== 1.0 mm. 

FIGURE 2.—^Thoracic setal map: Acanthoscelides aureolus. 

PRO- MESO- META- 

FlGURE   4.—Thoracic   setal   map:   Acanthoscelides 
chiricahuae. 

FIGURE   3.—Thoracic    setal   map:   Acanthoscelides 
hahoqu ivari. 
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FIGURE 6.—Thoracic setal map: Acanthoscelides mac- 
FlGURE 5.—Thoracic setal m2i^: Acanthoscelides collusus. rophthalmus. 

FIGURE 7.—Thoracic setal map: Acanthoscelides mixtus. 

FIGURE 8.—Thoracic setal rm.^: Acanthoscelides ohtectus. 
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PRO- MESO- 

PRO- MESO- META- 

FlGURE 10.—Thoracic setal map: Algarobius prosopis. 

FIGURE 9.—Thoracic setal map: Acanthoscelides pro- 
sopoides. 

FIGURE ll.—Thoracic setal map: Amhlycerus acapulcen- 
sis. 

8€^ f 

7^ 

é.. 

db' 

Le. 

«/a' 

^4" 

t't^i 

FIGURE 12.—^Thoracic setal map: Caryobruchus gleditsiae. 
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PRO- MESO- META- 

FIGURE 13.—Thoracic setal map: Mimosestes amicus. 

13 

'^ 

PRO- 

V 

e'«« ^ 

'Co^'h" 

o^^   ^^ 

MESO- META- 

FlGURE 14.—Thoracic setal map: Mimosestes protractus. 
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FlGURE 16.—Thoracic setal map: Neltumius arizonensis. 

FIGURE 15.—^Thoracic setal map: Mimosestes sallaei. 
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FIGURE 17.—Thoracic setal map: Sennius morosus. 
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PRO- MESO- META- 

FlGURE 18.—Thoracic setal map: Stator limbatus. 
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PRO- MESO- META- 

FlGURE 19.—Thoracic setal map: Stator pruininus. 

PRO- MESO- META- 

FlGURE 20.—Thoracic setal map: Stator pygidialis. 
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FIGURE 21.—Thoracic setal map: Zabrotes subfasciatus. 

See legend at bottom of page 53. 
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See legend at bottom of page. 

FIGURE 22.—Prothoracic plates and associated setae: A, Acanthoscelides aureolus\B, A. baboquivari; C, A. chiricahuae; 
D, A. collusus; E, A. macrophthalmus; F, A. mixtus; G, A. obtectus; H, Acanthoscelides prosopoides;!, Algarobius 
prosopis; /, Amblycerus acapulcensis; K, Caryobruchus gleditsiae; L, Mimosestes amicus; M, M. protractus; N, 
Mimosestes sallaei; O, Neltumius arizonensis; P, Sennius morosus; Q, Stator limbatus; R, S. pruininus; S, S. 
pygidialis; T.Zabrotes subfasciatus. Scale line = 0.5 mm. 



TECHNICAL BULLETIN 1525, U.S. DEPT. OF AGRICULTURE 

FIGURE 23.—Legs: A, Acanthoscelides aureolus; B, A. baboquivari; C, A. chiricahuae; D, A. collusus; E, A. 
macrophthalmus ;F,A. mixtiis; G, Acanthoscelides obtectus;H,A. prosopoides; I,Algarobius prosopis;/, Amblycerus 
acapulcensis ;K, Caryobruchus gleditsiae;L,Mimosestes amicus ;M,M. sallaei ;N,Neltumius arizonensis ;0,Sennius 
morosus; P, Antenna: Algarobius prosopis; Q, Clypeus-Labrum: Mimosestes amicus; R, Labium: M. amicus. Scale 
line = 0.25 mm. 
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2 3 4-7 8 9 
FIGURE 24.—Abdominal setal map of Acanthoscelides aureolus. 

2 3-7 8 9 10 
FIGURE 25.—Abdominal setal map of Acanthoscelides baboquivari. 
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FIGURE 26.—Abdominal 
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setal map of Ac antho s c elide s chiricahuae. 
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3-6 7 8 r 

FIGURE 27.—Abdominal setal map of Acanthoscelides collusus. 
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^-4^ S 6-7 8 9 
FIGURE 28.—Abdominal setal map oí Acanthoscelides macrophthalmus. 
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~2 3-7 8 9 
FIGURE 29.—Abdominal setal map oí Acanthoscelides mixtus. 
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1 2 

FIGURE 30.—Abdominal setal map of Acanthoscelides obtectus. 
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2^-^;===^      ^^^2-7 8 9 
FIGURE 31.—Abdominal setal map of Ac antho se elide s prosopoides. 
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2 3-7 8 9 

FIGURE 32.—Abdominal setal map of Algarobius prosopis. 
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FIGURE 33.—Abdominal setal map of Aniblyc er us acapulcensis. 
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FIGURE 34.—Abdominal setal map of Caryobruchus gleditsiae. 
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FIGURE 35.—Abdominal setal map of Mimosestes amicus. 
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FIGURE 36.—Abdominal setal map of Mimosestes protractus. 
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2-4 5-7 8 9 
FIGURE 37.—Abdominal setal map oí Mimosestes sallaei. 
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3-4 5-6 7 8 9 

FIGURE 38.—Abdominal setal map of Neltumius arizonensis. 
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6 7 8 9 

FIGURE 39.—Abdominal setal map of Sennius morosus. 
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FIGURE 40.—Abdominal setal map oí Stator limbatus 
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FIGURE 42.—Abdominal setal map of Stator pygidialis. 
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FIGURE 43.—Abdominal setal map of Zabrotes subfasciatus. 
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FIGURE 44.—Principal Component Analysis showing phenetic relationships between first instar larvae. 1, 
Acanthoscelides aureolus; 2, A. hahoquivari\ 3, A. chiricahuae; 4, A. collusus; 5, A. macrophthalmus; 6, A. mixtus; 7, A. 
obtectus; 8, A. prosopoides; 9, Algarobius prosopis; 10, Amblycerus acapulcensis; 11, Caryobruchus gleditsiae; 12, 
Mimosestes amicus; 13, M. protractus; 14, M. sallaei; 15, Neltumius arizonensis; 16, Sennius morosus; 17, Stator 
limbatus; 18, S. pruininus; 19, *S. pygidialis; 20, Zabrotes subfasciatus. 
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FIGURE 45.—l. Seed of Astragalus praelongus showing: A, Integument; B, chamber excavated by larva; C, cotyledon 
tissue remaining after feeding by fourth instar;/), sites of oviposition and larval entry;£", seedcoat tissue; F, hilum. 
2. Seed of Astragalus wootoni showing: A, Cotyledons; B, burrow of first instar larva; C, radicle; D, funiculus;£', 
hilum. 3. Egg of Stator limbatus or S. pruininus. 4. Egg of Stator pygidialis. 
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APPENDIX TABLES 

TABLE l.—Distribution of setae on Acanthoscelides aureolus,/irsi instar 

69 

Pro- Post- Spirac- Epi- Hypo- 
dor- dor- ular pleu- pleu- 

Segment sum sum area^ ron ron Stern um Prothorax 

Mesothorax d' A   a" Ee' u R 2 
Metathorax d' A   a" e' u R 3 
Abdomen 4 
1 d' a' E h vx 5 
2 d' A   a" e' h uvx 6 
3 d' A   a' Ee' h vx 7 
4-7 d' A   a" Ee' h uvx 12 
8 d' A   a" Ee' h vx 14 
9 Aa'a" E h V 16 
10       g2 X 17 

^None present in species. 
^Dorsolateral seta on abdominal segment 10. 

TABLE 2.—Distribution of setae on Acanthoscelides baboquivari,/irsi 
instar 

Pro- Post- Spirac- Epi- Hypo- 
dor- dor- u] iar pleu- pleu- 

Segment sum sum area^ ron ron Sternum Prothorax 

Mesothorax Aa'a" Ee' uf R 2      16 
Metathorax Aa'a" e' uf R 3 
Abdomen 4 
1 d' A   a" E h uv 5 
2 d' A   a" e' h uv 6 
3-7 d' A   a" Ee' h uv 8 
8 d' A   a" Ee' h u   X 12 
9 Aa'a" E h V 14 
10      g2 15 

^None present in species. 
^Dorsolateral seta on abdominal segment 10. 

TABLE 3,^Distribution of setae on Acanthoscelides chiricahuae,/irsi 
instar 

Pro- Post- Spirac- Epi- Hypo- 
dor- dor- ular pleu- pleu- 

Segment sum sum area^ ron ron Sten nu m Prothorax 

Mesothorax a" Ee' H u R 1      16 
Metathorax a" Ee' Hh u R 6 
Abdomen 8 
1 d' Aa'a" E h u   X 9 
2-5 d' A   a" e' h uv 10 
6-8 d' A   a" Ee' h u 11 
9 d' A   a" E uv 12 
10      g2 u 14 

^None present in species. 
^Dorsolateral seta on abdominal segment 10. 
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TABLE 4.—Distribution of setae on Acanthoscelides collusus,/írs¿ instar 

Pro- Post- Spirac- Epi- Hypo- 
dor- dor- ular pleu- pleu- 

Segment sum sum area^ ron ron Sternum Prothorax 

Mesothorax Dd'd" Ee' u R 2      17 
Metathorax Dd'd" e' u R 3 
Abdomen 4 
1 d' a' E h uvx 5 
2 d' A   a" e' h uvx 6 
3-7 d' A   a" Ee' h uvx 7 
8 d' A   a" Ee' h vx 12 
9 Aa'a" E h x 14 
10      g2 V 16 

^None present in species. 
^Dorsolateral seta on abdominal segment 10. 

TABLE 5,^Distribution of setae on Acanthoscelides macrophthalmus, 
first instar 

Pro- Post- Spirac- Epi- Hypo- 
dor- dor- ular pleu- pleu- 

Segment sum sum area ron ron Sternum Prothorax 

Mesothorax Dd'd" Ee' u R 2 
Metathorax Dd'd" e' R 3 
Abdomen 4 
1 d' A s' E h uvx 5 
2-4 d' A   a" h uvx 8 
5-7 d' A   a" Ee' h uvx 9 
8 Aa'a" Ee' h uvx 12 
9 Aa'a" E h V 14 
10      gi h 16 

^ Dorsolateral seta on abdominal segment 10. 

TABLE 6,—Distribution of setae on Acanthoscelides mixtus, first instar 

Pro- Post- Spirac- Epi- Hypo- 
dor- dor- ular pleu- pleu- 

Segment sum sum area^ ron ron Sternum Prothorax 

Mesothorax d' A a" Ee' u R 1 
Metathorax 
Abdomen 

d' A a" e' u R 2 
3 

1 d' a" E h uvx 4 
2 d' A a" e' h uvx 5 
3-7 d' A a" Ee' h uvx 7 
8 A a" Ee' h u   X 11 
9 A a" H V 15 
10      g2 u 16 

^None present in species. 
2 Dorsolateral seta on abdominal segment 10. 
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TABLE 7.—Distribution of setae on Acanthoscelides obtectus,/irs¿ instar 

Pro- Post- Spirac- Epi- Hypo- 
dor- dor- ular pleu- pleu- 

Segment sum sum area ron ron Sternum Prothorax 

Mesothorax D   d" a' Ee' u R 2      16 
Metathorax D   d" a' e' u R 3 
Abdomen 4 
1 d' A s' E H uvx 5 
2 d' A   a" e' H uvx 6 
3-8 d' A   a" Ee' H uvx 9 
9 Aa'a" E h V 12 
10     gi V 14 

^ Dorsolateral seta on abdominal segment 10. 

TABLE 8.—Distribution of setae on Acanthoscelides prosopoides,/irsf 
instar 

Pro- Post- Spirac- Epi- Hypo- 
dor- dor- ular pleu- pleu- 

Segment sum sum area^ ron ron Sternum Prothorax 

Mesothorax Dd'd" Hh u R 4 
Metathorax Dd'd" e' u R 5 
Abdomen 8 
1 d' a'a"^ E H uvx 11 
2 D   d" a'a" e' H uvx 12 
a-7 D   d" a'a" Ee' H uvx 14 
8 d'd" A   a" Ee' H X 15 
9 A E h X 16 
10      g2 u 

^None present in species. 
2Dorsolateral seta on abdominal segment 10. 

TABLE 9.—Distribution of setae on Algarobius prosopis,/irsi instar 

Pro- Post- Spirac- Epi- Hypo- 
dor- dor- ular pleu- pleu- 

Segment sum sum area^ ron ron Stern ium Prothorax 

Mesothorax A   a" Ee' u R 1 
Metathorax Aa'a" e' u R 4 
Abdomen 5 
1 a' E h uvx 6 
2 d' A   a" e' H uvx 9 
3-7 d' A   a" Ee' H uvx 14 
8 d' A   a" Ee' H u   X 15 
9 Aa'a" E h V 16 
10      g2 X 

^None present in species. 
^Dorsolateral seta on abdominal segment 10. 
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TABLE 10.—Distribution of setae on Amblycerus acapulcensis,/ïrsi 
instar 

Pro- Post- Spir ac- Epi- Hypo- 
dor- dor- ular pleu- pleu- 

Segment sum sum area ron ron Sternum Prothorax 

Mesothorax A   a"B   b" Ee' h uf R 3 14 
Metathorax A   a"Bb'b" Ee' h uf R 4 15 
Abdomen 5 16 
1 d' Aa'a" s' Ee' h uv 6 22 
2-6 d' Aa'a"b' s's" Ee' h uv 7 25 
7-8 d' A   a' s' h uv 8 
9 d' A   a" Ee' h V 9 
10 Aa' h 12 

TABLE il.—Distribution of setae on Caryobruchus gleditsiae, first instar 

Pro- Post- Spirac- Epi- Hypo- 
dor- dor- ular pleu- pleu- 

Segment sum sum area ron ron Sternum Prothorax 

Mesothorax Aa'a" b' Ee'e" h uf R 1 17 
Metathorax Aa'a" b' Ee'e" h uf R 3 21 
Abdomen 5 22 
1 d' Aa'a" s's" s"' Ee' h uvx 8 
2-4 d' a" Bb'b" s's" Ee' h uvx 9 
5 d'd" a" Bb'b" s's" Hh uvx 11 
6-7 d'd" a" Bb'b" s's" Ee' h uvx 12 
8 d'd" Aa'a" s's" Hh u 13 
9 d" A   a" Ee' H u 14 
10     g' h u 16 

^ Dorsolateral seta on abdominal segment 10. 

TABLE 12,—Distribution of setae on Mimoi sestes amicus,/irsi instar 

Pro- Post- Spirac- Epi- Hypo- 
dor- dor- ular pleu- pleu- 

Segment sum sum area^ ron ron Sternum Prothorax 

Mesothorax Aa'a" Ee' R 6 
Metathorax Aa'a" e' R 8 
Abdomen 10 
1 d' A E h 16 
2-5 d' A   a" e' h vx 
6-8 d' A   a" Ee' h X 

9 Aa'a" vx 
10      g2 u 

^None present in species. 
^Dorsolateral seta on abdominal segment 10. 
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TABLE 13.—Distribution of setae on Mimosestes protractus,/irsf instar 

73 

Pro- Post- Spirac- Epi- Hypo- 
dor- dor- ular pleu- pleu- 

Segment sum sum area ron ron Sternum Prothorax 

Mesothorax d'd" e'e" h'h" K 2 
Metathorax d'd" e'e" K 3 
Abdomen 4 
1 d'd" a" s' h uvx 5 
2 d'd" a'a" s' e' h U   X 13 
3-5 d'd" a'a" e' h uv 
6 d' a'a" e' h uv 
7 d'd" a'a" e' h u 
8 a'a" e' 
9 d' vx 
10     gi 

^ Dorsolateral seta on abdominal segment 10. 

TABLE 14.—Distribution of setae on Mimosestes sallaei,/irsi instar 

Pro- Post- Spirac- Epi- Hypo- 
dor- dor- ular pie u- pleu- 

Segment sum sum area ron ron Sternum Prothorax 

Mesothorax Aa'a" Ee' u R 2 
Metathorax Aa'a" e' u R 3 

4 
5 

/vDQomen 
1 d' A s' E h uvx 
2-4 d' A   a" e' h uvx 7 
5-7 d' A   a" Ee' h uvx 9 
8 d' A   a" Ee' h vx 12 
9 Aa'a" E h V 14 
10     g' V 16 

^Dorsolateral seta on abdominal segment 10. 

TABLE 15.—Distribution of setae on Neltumius arizonensis,/írsí instar 

Pro- Post- Spirac- Epi- Hypo- 
dor- dor- ular pleu- pleu- 

Segment sum sum area^ ron ron Sternum Prothorax 

Mesothorax Aa'a" Ee' R 6 
Metathorax Aa'a" e' R 7 
Abdomen 8 
1 D a' E h uv 9 
2 d' A e' h uvx 11 
3-4 d' A   a" e' h uvx 12 
5^6 d' A   a" Ee' h uvx 16 
7 d'd" a" Ee' h uvx 
8 d' A   a" Ee' h uvx 
9 Aa' E h V 

10      g2 

^None present in species. 
2Dorsolateral seta on abdominal segment 10. 
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TABLE 16.—Distribution of s et oie on Sennius morosus,/irs¿ instar 

Pro- Post- Spirac- Epi- Hypo- 
dor- dor- ular pie u- pleu- 

Segment sum sum area ron ron Sternum Prothorax 

Mesothorax Aa'a" Ee' u R 2      16 
Metathorax Aa'a" Ee' uvx R 3      17 
Abdomen 4 
1 A   a" s' E h 5 
2-5 d' A   a" e' h 6 
6 d' Ee' h 7 
7-8 d' A   a" Ee' h 8 
9 d' A   a" E h 12 
10      gi 14 

^ Dorsolateral seta on abdominal segment 10. 

TABLE 17.—Distribution of setae on Stator limbatus,/irsf instar 

Pro- Post- Spirac- Epi- Hypo- 
dor- dor- ular pleu- pleu- 

Segment sum sum area ron ron Sternum Prothorax 

Mesothorax a'a"b' e'e" K 1      23 
Metathorax d'd"d"' a' e' K 2 
Abdomen 3 
1 a'a" s' e' h V 4 
2-7 a'a"b' e' h V 5 
8 a'a"b' e'e" h V 6 
9 a'a" e' h V 17 
10      gi h 22 

1 Dorso lateral seta on abdominal segment 10. 

TABLE 18.—Distribution of setae on Stator pruininus,/¿rsf instar 

Pro- Post- Spirac- Epi- Hypo- 
dor- dor- ular pleu- pleu- 

Segment sum sum area ron ron Sternum Prothorax 

Mesothorax a'a"b' e'e" h K 2 
Metathorax a'a"b' e' h K 3 
Abdomen 4 
1 d' a" s' e' h uv 5 
2-5 d' a"b' e' h uv 9 
6 d' a"b' e'e" h uv 10 
7 d' a"b' e'e" h uv 12 
8 a'a"b' e'e" h V 14 
9 a'a"b' h 24 
10      gi h 

^ Dorsolateral seta on abdominal segment 10. 
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TABLE 19.—Distribution of setae on Stator pygidialis,/irsí instar 

Pro- Post- Spirac- Epi- Hypo- 
dor- dor- ular pleu- pleu- 

Segment sum sum area ron ron Sternum Prothorax 

Mesothorax a'a"b' e'e" uv 2 22 
Metathorax a'a"b' e' uv 8 
Abdomen 5 
1 d' a" s' e' h uv 6 
2-5 d' a"b' e' h uv 8 
6-7 d' a"b' e'e" h uv 10 
8 a'a"b' e'e" h V 14 
9 a'a"b' h V 15 
10     gi h 17 

1 Dorsolateral seta on abdominal segment 10. 

TABLE 20.—Distribution of setae on Zabrotes subfasciatus,/2Vs¿ instar 

Pro- Post- Spirac- Epi- Hypo- 
dor- dor- ular pleu- pleu- 

Segment sum sum area ron ron Sternum Prothorax 

Mesothorax a'a" e' h K 1      18 
Metathorax a'a" e' h K 2      19 
Abdomen 4      20 
1 d'd" a' ^S' e'e" h uv 5      21 
Z-l d' a'a" e'e" h uv 7      22 
8 a'a" e'e" h uv 12    23 
9 a'a" e' h V 13    24 
10     gi u 17 

* Dorsolateral seta on abdominal segment 10. 

i^  U.S. GOVERNMENT PRINTING OFFICE: 1976 O—597-402 








